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Abstract
The impact of the sourcing function on the profitability of U.S.-based manufacturing firms is more
significant than ever. Today, the purchased component of the cost of goods sold for many firms is more
than fifty-percent of sales.' As the volume of purchased material grows every year, and the sourcing
function impacts corporate profitability more and more, it has become critical that effective analysis
techniques and cost models are used in the development and execution of sourcing strategies. Perhaps the
most critical element of the sourcing process is the determination of the optimal supplier or portfolio of
suppliers who will be responsible for providing purchased materials.
This thesis explores the allocation of outsourced material demand to the supply base in the aerospace
industry. A significant portion of this research involves the development of a framework to support a
strategic sourcing organization in the determination of the most appropriate portfolio of suppliers for a
group of similarly manufactured parts. This framework combines total cost sensitivity analysis and
demand allocation programming.
The results of this thesis are intended to present sourcing managers with a framework that can be applied
when comparing U.S.-based manufacturers to low-cost international suppliers. The total cost sensitivity
analysis enables the sourcing manager to evaluate the impact of supply chain dynamics including tax rates
and currency fluctuation, as well as variations in supplier performance on procurement decisions. Using
the total cost model output, a sourcing manager is then able to apply the demand allocation programming
model to determine the optimal supplier portfolio given aerospace industry constraints and the operational
requirements of the organization studied. The demand allocation programming model is developed as a
mixed integer linear program (MILP).
The basis for the thesis analysis was a six month internship with a major U.S. aerospace OEM. The
research was based on hands-on commodity management experience, literature review, and work with
sourcing, finance, and operations professionals.
Thesis Supervisor: Donald Rosenfield
Title: Senior Lecturer, Sloan School of Management
Thesis Supervisor: David Simchi-Levi
Title: Professor of Engineering Systems Division & Civil and Environmental
Engineering
ASCET: Best Practices in Procurement
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Introduction
The purpose of this chapter is to give an overview of the thesis, and to provide the reader with
the context and motivation for the research. This chapter defines the challenges addressed, as
well as describes the environment in which the analysis was conducted. This chapter concludes
with an outline of the thesis structure.
1.1 Context and overview
The impact of supply management on the profitability of U.S.-based manufacturing firms is
more significant than ever. As vertical integration has decreased, the purchased component of
the cost of goods sold (COGS) for many firms has grown to more than fifty-percent of sales.2
Put another way, more than half the value provided to the end-customer is by someone other than
the original equipment manufacturer (OEM).
Supply management, or sourcing as it is more commonly known, has become a preferred
operational management lever, given its ability to quickly and effectively impact financial
performance. In fact, Fitzgerald contends that sourcing impacts company profitability "faster
and more dramatically than any other corporate function." 3
As the volume of purchased material grows every year and the sourcing function impacts
corporate profitability more and more, it has become critical that effective analysis techniques
and cost models are used in the development and execution of sourcing strategies. Perhaps the
most critical element of the sourcing process is the determination of the optimal supplier or
portfolio of suppliers who will be responsible for providing purchased components. After all, the
supplier or suppliers awarded a procurement contract will need to ensure that material is
provided on-time, that targeted cost reductions are achieved and that end-customer demand is
successfully fulfilled.
1.2 Problem identification
Although many factors have led companies to increase sourcing activities, one of the most
significant motivating forces has been the promise of achieving PPV or purchase price variance
goals using international suppliers. International sourcing is viewed not only as a way to achieve
targeted cost reduction, but also as a means of gaining access to coveted high-growth markets.
Many industries have utilized international suppliers to achieve both ends, yet the aerospace
industry has been slow to follow. In fact, a 2005 study conducted by the Institute for Supply
Management revealed that 90% of aerospace industry sourcing is from U.S. suppliers.4 As a
result, many leading aerospace firms have recently turned their attention to international sourcing
opportunities in an effort to meet aggressive cost reduction targets established by the large
commercial jetliner manufacturers and the U.S. government - to say nothing of shareholders.
The sourcing allocation decision process becomes increasingly complex as overseas suppliers are
2 ASCET: Best Practices in Procurement
3 ASCET: Best Practices in Procurement
4 CAPS Center for Strategic Supply Research: Purchasing Performance Benchmarking Reportfor the Aerospace /
Defense Industry
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considered. Historically, supplier comparisons and allocation decisions concerned suppliers
located in the same country and in many cases the same region, state or even town. Now
sourcing managers are considering unknown suppliers with little or no aerospace experience
located halfway around the world. An effective and efficient total cost analysis process is
difficult with local, known entities, but with new international suppliers, the analysis
methodology requires reevaluation.
Moreover, a basic total cost evaluation is insufficient given the dynamics of the current market
place - tax rate variability, currency fluctuation, disproportionate quality and unknown supplier
capacity preclude utilization of a static, point-forecast model to effectively determine which
supplier to use. In addition, given the increasing demand for aerospace products, multiple
suppliers may be required to completely fulfill demand requirements.
The focus of this research is on the sourcing allocation decision process, specifically developing
a framework for determining the most appropriate allocation of sourced demand to the supply
base. The framework was developed for a sourcing organization within the aerospace industry
that is responsible for aggregating demand across several business units and ensuring both
fulfillment and cost reduction.
1.3 Setting
This research and analysis was developed over the course of a six month internship with the
United Technologies Corporation (UTC) as partial fulfillment of the requirements for the
Leaders for Manufacturing program at the Massachusetts Institute of Technology. The models
presented in this thesis were developed in conjunction with activities as a member of the UTC
Aerospace Supply Management team, an organization chartered to aggregate the purchased
demand of the three aerospace business units of UTC.
1.4 Objectives and Methods
The frameworks presented in this paper were developed from modeling and analysis, as well as
"hands-on" work as a commodity manager with the UTC Aerospace Supply Management team.
The foundations of the model are based on discussions, meetings and interactions with the
Aerospace Supply Management team, as well as members of the operations and finance
functions. The development of the models and frameworks presented were encouraged and
supported by UTC. The modeling and analysis are intended to be used by the Aerospace Supply
Management team in the development and execution of the sourcing strategies across a variety of
commodities.
Although the internship and related research focused specifically on the aerospace industry, the
results of this thesis work can be adapted and applied to other industries and the sourcing
function in general.
1.5 Outline
This thesis is divided into six chapters. The following summaries provide an overview of the
content in the balance of the thesis chapters:
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Chapter 2, The aerospace industry profiles the U.S. market. The chapter provides an overview
of the industry structure and product offerings, as well as identifies the firms operating in the
market place. In addition, the industry supply chain is outlined for the reader. The chapter also
contains a review of the industry trends and concludes with an examination of the impact of the
industry trends on the sourcing function.
Chapter 3, UTC and the Aerospace Supply Management team discusses the structure and
financial performance of the Corporation across its business units. An overview of the structure,
objective, and operations of the Aerospace Supply Management team is also offered.
Chapter 4, Sensitivity of total cost analysis presents a total cost framework for the Aerospace
Supply Management team. The framework includes all cost factors relevant to the evaluation of
buy-to-buy decisions focusing on the analysis of a domestic supplier relative to that of a low-cost
international supplier. The model provides sourcing managers with an understanding of net
present value impact of the variation of several criteria including international tax rates, currency
fluctuation and supplier delivery and quality performance.
Chapter 5, Demand allocation to the supply base offers a programming model that optimally
allocates the demand to the supply base given the operational constraints of the aerospace
industry and the organizational requirements of the UTC Aerospace Supply Management team.
The programming model provides the sourcing manager with an understanding of the cost
tradeoffs associated with different sourcing allocation profiles.
Chapter 6, Conclusion provides a summary of the findings presented in this thesis. This section
concludes with thoughts on potential avenues for future research in the area of total cost analysis
and sourcing allocation.
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2 The aerospace industry
This chapter provides a brief overview of the U.S. aerospace industry. The objective of this
chapter is to provide the reader with sufficient understanding of the aerospace supply chain
structure and industry trends. It is important the reader has a working knowledge of the industry
dynamics and how they impact the sourcing challenges addressed by the thesis research. This
chapter is not intended to be inclusive, but rather provide the reader with a basic understanding
of the U.S. aerospace industry.
As a point of reference, the defense sector is often incorporated in discussions of the aerospace
industry given the considerable role of aircraft systems in national defense; however, for the
purposes of this thesis, considerations of the defense sector are limited to aircraft and aircraft
related products, systems and services.
2.1 Aerospace industry profile
This section defines the U.S. aerospace industry for the reader and goes on to outline the industry
structure and market segmentation. This section concludes by providing a breakdown of the
2005 sales figures and a brief review of the U.S. aerospace trade balance.
2.1.1 Aerospace industry defined
The aerospace industry, defined by the U.S. Bureau of Labor Statistics as those companies
whose business comprises of "producing aircraft, guided missiles, space vehicles, aircraft
engines, propulsion units, and related parts... [and] aircraft overhaul, rebuilding, and related
parts," is a significant contributor to the overall U.S. economy.5 The U.S. aerospace industry
generated sales of $170 billion (B) in 2005.6 These sales represent only aerospace equipment
and do not correspond to the overall economic benefit the aviation industry provides. A 2002
study conducted by DRI-WEFA, concluded that commercial aviation accounted for 4.4% of total
U.S. GDP and more than 5 million jobs.7 These numbers do not include the impact of the
military segment of the industry which undoubtedly contributes to a larger percentage of GDP,
as well as additional jobs, but do include benefits associated with airport and airline operations.
Overall, the importance of the aerospace industry to the U.S. economy is undeniable.
2.1.2 Aerospace industry structure
The aerospace industry is easily divided into three segments: (1) military, (2) civil and (3) space.
The military segment of the industry corresponds to aerospace products utilized for defense
purposes and is traditionally purchased by government entities. Conversely, the civil segment of
the aerospace industry corresponds to the use of aircraft for the transport of commercial
passengers or cargo for non-military applications. In addition to the commercial sector, the civil
aircraft segment also includes general aviation aircraft. General aviation aircraft range from
small two-seater planes used for leisure to corporate jets used for business purposes. Lastly, the
' U.S. Bureau of Labor Statistics: Aerospace Products and Parts Manufacturing (NAICS 3364)
6 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
7 DRI-WEFA: The National Economic Impact of Civil Aviation.
8 U.S. Bureau of Labor Statistics: Aerospace Product and Parts Manufacturing. (NAICS 3364)
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space segment typically corresponds to products and services for NASA, space-related
Department of Defense (DOD) programs and commercial satellites.
Figure 2.1 provides a graphical representation of the U.S. aerospace industry.
U.S. Aerospace Industry
Civil
Part & Service
General Aviattor R Fe -wigAr
Military
- Parts I
raft -Missiles
Space
___________________________________ I_________________
NASA -1
I
Commercial
Satellites D.O.D
Figure 2.1: U.S. aerospace industry structure
The thesis research is predominantly concerned with those industry segments highlighted in
Figure 2.1.
2.1.3 The aerospace market
This section defines the U.S. aerospace market through an evaluation of the 2005 U.S. industry
sales figures and a review of the trade balance.
2.1.3.1 2005 U.S. aerospace sales breakdown
Overall, 2005 sales of $1 70B consisted of $39B from the civil aerospace sector, $50B from
military and the balance from a combination of missiles, space and other aerospace related
products.9 A breakdown of the 2005 U.S. aerospace sales is provided in Table 2.1.
9 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
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Civil
Large Commercial Jetliners
General Aviation
Helicopters
$ 39.00 B
$_22.00 B
$ 8.50 B
$ 0.75 B
Parts and Service $ 8.OOB
Military $ 50.00 B
Missiles, space and other aircraft related products $ 81.00 B
TOTAL $170.00 B
Table 2.1: 2005 U.S. aerospace industry sales 0
The $22B in large commercial jetliner sales in Table 2.1 corresponds to shipment of 290
aircraft."
2.1.3.2 U.S. aerospace trade balance
The aerospace industry is a global economic force, yet it is dominated by the U.S. and Europe,
both in terms of manufacturing infrastructure and aircraft sales. The U.S. does have a trade
surplus in the aerospace industry as made evident by Figure 2.2. This trade surplus is driven
mainly by the sale of Boeing's large commercial jetliners. According to a 2005 Department of
Commerce report on the U.S. air transportation industry, three out of every four Boeing planes
are exported.' 2 The surplus has been challenged by the growth of European jetliner
manufacturer Airbus, who for the first time in 2003 sold more large airframes than Boeing.'3
70
0
0
60 -
50 -
40 -
30 -
20 -
10
0 M -4 W W Q . W N 0 M -4 W W W N
Figure 2.2: U.S. trade of aerospace products 14
10 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
" Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
12 U.S. Department of Commerce: The U.S. Jet Transport Industry
13 U.S. Department of Commerce: The U.S. Jet Transport Industry
14 Aerospace Industries Association: 41s Annual Year End Review & Forecast Luncheon
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2.2 Aerospace supply chain
The aerospace industry supply chain is best viewed as a tiered pyramid. Each tier of the pyramid
represents a level of the supply chain, with the lower levels supporting those above by providing
products and services. At the top of the pyramid are the manufacturers of the jetliners and
military aircraft, known as airframers. At the bottom of the pyramid are the thousands of sub-
tier suppliers that provide components, parts, materials and services that are ultimately used in
the products manufactured by the airframer. Between the airframers and the sub-tier suppliers
are the engine system manufacturers, the major sub-system suppliers and the tier-one suppliers.
The aerospace supply chain pyramid is provided in Figure 2.3.
Level -1Air-Level-framers
Engine System
Leve - 2Manufacturers /
Level-32
Major Sub-system
Suppliers
Level - 3 Tier-One Suppliers
Level - 4 Sub-tier Suppliers
Figure 2.3: Aerospace supply chain pyramid
The pyramid is an apt graphical representation. The vertical component of the pyramid
corresponds to the supply chain hierarchy and the horizontal component corresponds to the
number of firms occupying each level of the supply chain.
As stated, the vertical component represents the hierarchy of the supply chain. The airframers
are at the top of the pyramid. To a large extent, the supply chain power lies with the airframer
who chooses which suppliers' products are to be incorporated on a new airframe design. This
power is limited to the extent the end-customer selects the suppliers to be incorporated on the
purchased aircraft.
Although not without exception, industry interaction conforms to the pyramid structure. The
Level-I airframers interact directly with the Level-2 engine system manufacturers and the major
sub-system suppliers. To a lesser extent, the airframers may interact with the Level-3 tier-one
suppliers. In general, supply chain entities engage most often with members one level from their
own position in the pyramid and less so with members two levels removed from their own.
Rarely will a firm engage with firms more than two levels from their own.
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The horizontal component of the pyramid corresponds to the number of firms participating in
that level of the supply chain level. Given that the aerospace industry is highly concentrated,
only a handful of manufacturers produce commercial and military aircraft.1 5 In fact, the U.S. and
Europe are the only regions currently producing significant volumes of both commercial and
military aircraft. Boeing and Airbus are the only providers of large commercial airliners.
Likewise, Lockheed Martin and Boeing in the U.S. and BAE systems in the European Union are
the leading players in the military airframe segment. Therefore, the top of the pyramid is
occupied by only four firms.
Meanwhile, the bottom of the pyramid is occupied by thousands of sub-tier suppliers, many of
whom would not consider themselves engaged in aerospace industry activities. Although many
aerospace firms are actively pursuing efforts to reduce their supply base, a process known as
supplier rationalization, during a one year period from 2003 to 2004, Boeing paid over 32,000
suppliers for their parts and services. 16
Some of the key firms in the airframer, engine systems manufacturer and major sub-system
supplier levels of the supply chain pyramid are provided below for the reader's reference: 7
Airframers: Boeing Airbus
Lockheed BAE
Engine Systems: Pratt & Whitney Aircraft Engines
General Electric Aircraft Engines
Rolls Royce
Malor Sub-systems: Carlyle Group BAE Systems
Eaton Finemeccanica SpA
Hamilton Sundstrand Kohlberg Kravis Roberts
Goodrich Smiths Group
Harris Corporation Thales
Honeywell International Volvo Aero
Parker Hannifin Corporation Rockwell Collins
Having profiled the aerospace industry and its supply chain structure, it is appropriate to review
some of the industry trends that are driving sourcing challenges and complexity.
2.3 Aerospace market forces and trends
This section consists of an examination of the market forces and trends in both the civil and
military segments of the aerospace industry followed by a trend summary.
" Datamonitor: Global Aerospace & Defence Industry Profile
16 U.S. Department of Commerce: The U.S. Jet Transport Industry
17 U.S. Department of Commerce: The U.S. Jet Transport Industry
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2.3.1 Civil aerospace market forces
Orders of civil aircraft tend to be closely tied to the economic health of the airline industry and
more generally, the economy as a whole.' 8 Figure 2.4 depicts growth of aerospace industry sales
since 1990. The reader will note the correlation between industry sales and the health of the U.S.
economy. Industry revenues increased during the economic-boom years of the late 1990's
followed by a leveling off and subsequent decline after 2001. Moreover, a decline in sales is
evident during the recessionary years of the early 1990's.
200 -
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Figure 2.4: U.S. aerospace industry sales' 9
Beyond the correlation to overall economic health, there are trends both positively and
negatively influencing the growth of the civil segment of the U.S. aerospace industry. Three
notable trends positively influencing the growth of the civil segment of the U.S. aerospace
industry are (1) the growth of international air travel, (2) the growth of the domestic low cost
carrier market segment and (3) economic recovery.
(1) Growth of international air travel: Overall foreign sales are up from $57B in 2004 to
$65.4B in 2005. Not surprisingly, $55B of the $65.4B, or 84% of foreign sales were in
21the civil aerospace segment. In 2005, exports of large commercial jetliners, the largest
component of civil aircraft exports, were up $3B to $22B. 22 Moreover, general aviation
aircraft exports increased 48% to $2.2B. 2 3 The increase in sales has been buffeted by
18 U.S. Department of Commerce: The U.S. Jet Transport Industry
19 Aerospace Industries Association: 4 1" Annual Year End Review & Forecast Luncheon
20 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast2 1Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
2 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
23 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
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international air travel which is growing a full 2% faster than that of domestic air travel.
As a result, Boeing is more reliant than ever on international markets, with three of every
four planes being exported.25
(2) Growth of the domestic low cost carrier market segment: The low cost carrier
segment of the U.S. commercial aviation industry continues to gain market share. Figure
2.5 shows that the market share of the low cost carrier segment has increased from 30%
in 2000 to 43% in 2004.26 This segment is led by Southwest Airlines and Jet Blue
Airways who have remained profitable and expanded over a period in which several
legacy carriers have filed for bankruptcy protection.
' 50%
40%-
30%-
20%-
1 0%
0%)
2000 2001 2002 2003 2004
Figure 2.5: Low cost carrier market share growth27
(3) Economic recovery: Overall economic recovery since the tragic events of September 11,
2001 has helped increase sales of aircraft across the portfolio of products from large
commercial jetliners to small general aviation aircraft. In addition to increases in aircraft
sales, commercial passenger volumes have exceeded 2001 levels for the first time per
Figure 2.6.
24 Federal Aviation Administration: FAA Aerospace Forecast 2005-2016 [Report]2 5 U.S. Department of Commerce: The U.S. Jet Transport Industry
26 Federal Aviation Administration: FAA Aviation Forecasts Fiscal Years 2005-2016 [Slides]
27 Federal Aviation Administration: FAA Aviation Forecasts Fiscal Years 2005-2016 [Slides]
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Figure 2.6: Post September 11, 2001 air travel recovery2
There is one notable trend negatively influencing the growth of the civil segment of the U.S.
aerospace industry - the struggles of the commercial legacy carriers. Several factors,
including but not limited to the rise in oil prices and the cost of employee health care and
pensions have led several legacy carriers to file for bankruptcy since 2001. Delta Air Lines,
United Airlines and Northwest Airlines are the most prominent names on the list of U.S. carriers
currently operating under bankruptcy protection. The struggles of these and other carriers have
led to significant losses in the commercial aviation industry since 2001. In fact, the Federal
Aviation Administration (FAA) reports industry losses in excess of $25B from 2001 to 2004, per
Figure 2.7.
28 Federal Aviation Administration: FAA Aviation Forecasts Fiscal Years 2005-2016 [Slides]
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Figure 2.7: Struggles of the U.S. commercial passenger carriers2 9
2.3.2 Military aerospace market forces
The U.S. government is a major purchaser of aircraft and aerospace equipment for the DOD. In
2003, the U.S. government spent $417.4 B on defense.30 Although not all $417.4 B is aerospace
related, the fact that 47% of the global defense spending is by the U.S. government, makes the
DOD a non-trivial market force. i Within the military segment of the aerospace industry, growth
is driven predominantly by the level of active military engagement and technology spending.
Industry-wide sales since 1990, per Figure 2.4 on page 16, also correspond well with military
market drivers. Military spending dropped in the early 1990's, correlating to the period
immediately following the end of the Cold War. Conversely, the level of DOD spending
increased in the years following 2001 as the U.S. became engaged in wars both in Afghanistan
and Iraq. In fact, the military portion of aerospace revenues increased from 25% in 2002 to 30%
in 2004.32
Additionally, over this same period military spending has been driven by the need for new
technologies to fight the battles of the 2 1st Century. As the U.S. and its allies transition their
defense programs to fight the War on Terror rather than the Cold War, the Joint Strike Fighter
has been developed to replace the aging and increasingly obsolete fighter-jet fleet. The Joint
Strike Fighter is one example of the Research, Development, Testing and Evaluation or RDT&E
spending that is responsible for the 7% growth in the $50B military aerospace segment.3 3
29 Federal Aviation Administration: FAA Aviation Forecasts Fiscal Years 2005-2016 [Slides]
30 PriceWaterhouseCoopers: The Defence Industry in the 2 1" Century
3 PriceWaterhouseCoopers: The Defence Industry in the 21s' Century
32 Aerospace Industries Association: 4 1' Annual Year End Review & Forecast Luncheon
3 Aerospace Industries Association: 41" Annual Year End Review & Forecast Luncheon
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2.3.3 Aerospace industry trend summary
In summary, the demand for aerospace equipment has increased following the tragic events of
September 11, 2001, driven predominantly by defense spending and overall economic health.
Economic recovery, highlighted by international growth of the Asian economies, most notably
India and China, has created a boost in the demand for civil aircraft. Domestically, the
commercial legacy carriers have struggled; with rampant bankruptcies across the civil aviation
sector, yet strength of the low cost carriers has increased demand for large commercial aircraft.
Meanwhile, demand for replacement parts and investment in new technologies are likely to
continue the growth of the military segment for the foreseeable future.
Figure 2.8 provides a graphic representation of the overall industry growth trend.
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Figure 2.8: U.S. aerospace industry orders, shipments and backlog34
As 2006 begins, the upward trend of increased orders, shipments and backlog is promising.
Overall, it is a good picture for the U.S. aerospace industry. Demand for product is up, but at the
same time pressure is being felt for both cost and cycle reductions.
2.4 Impact of trends on aerospace sourcing
The market forces and trends identified in Section 2.3 are having a profound impact on the
sourcing functions of the leading U.S. aerospace firms. Collectively, the market forces and
trends translate to increased demand and pressure for cost reduction. Growth is expected to
continue for the foreseeable future, with 8.2% growth forecasted in 2006.35 At the same time,
the industry has been consolidating for years. Twenty four of the 100 largest defense companies
34 Aerospace Industries Association: 4 1" Annual Year End Review & Forecast Luncheon
35 Aerospace Industries Association: 2005 Year-End Review and 2006 Forecast
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in 1990 were no longer in the industry by 1998.36 Moreover, employment in the U.S. aerospace
sector is projected to decline 17.6% from 2002 to 2012.37 Between consolidation and headcount
contraction - to say nothing of investor motivations - there is a lack of interest in capital
investment to acquire capacity or manufacturing capability for the forecasted growth that has
already begun to be realized. The following sections provide insight into the impact the market
forces and trends are having on the sourcing functions of the leading U.S. aerospace firms.
2.4.1 Outsourcing and globalization
The overall trend of growth creates a need to expand capacity. Airframers, engine system
manufacturers and major sub-system providers are not interested in the capital investment to
achieve capabilities in-house, but rather are looking to their supply base to achieve much of the
gains. The trends identified in Section 2.3 all correlate to pressure on airframers and
subsequently those in the aerospace supply chain to lower the cost of the products they provide.
In order to achieve this, the top three levels of the aerospace supply chain pyramid are
outsourcing more than ever in the history of the industry. For example, given the 2005 sale of its
Wichita, Kansas facility, Boeing will only be manufacturing the vertical fin of the tail and
various fairings and flaps on the new 787 airframe. 38
Beyond simply increasing outsourcing to limit capital investment, the firms at the top three
levels of the aerospace supply chain hierarchy are also looking to lower procurement cost by
using low cost internationally-based suppliers. A U.S. Department of Commerce report states it
best: "U.S. companies that historically supplied parts and components exclusively to U.S. prime
manufacturers face more difficulty maintaining their positions in an increasingly global
industry." 39 Increased outsourcing and a focus on globalization of the supply base has added
pressure to the sourcing organizations of the top three supply chain levels.
2.4.2 Risk sharing on new programs
The pressures on sourcing organizations are at their greatest during the development of new
airframes, engine systems and major sub-systems. The cost of investment, combined with the
probability of program failure, has led to the development of partnerships and risk sharing on
new programs. In today's aerospace market place, the sourcing organizations do not develop the
relationships, qualify suppliers and negotiate procurement contracts for piece parts. Instead, they
are performing these functions for complete assemblies and sub-systems as prime manufacturers
no longer bear the burden of design and production of new platforms. 40 The prime
manufacturers have essentially become systems integrators.4' This integration has fallen under
the auspices of the sourcing function in many instances, as aerospace manufacturing continues
the trend of increased focus on systems integration.42
36 PriceWaterhouseCoopers: The Defence Industry in the 2 1s' Century
3 U.S. Bureau of Labor Statistics: Aerospace Products and Parts Manufacturing (NA CIS 3364).
38 Seattle Times: "Boeing names 7E7 suppliers; Goodrich the big winner"39 U.S. Department of Commerce: The US. Jet Transport Industry4 0 U.S. Department of Commerce: The U.S. Jet Transport Industry
41 U.S. Department of Commerce: The U.S. Jet Transport Industry
42 U.S. Department of Commerce: The U.S. Jet Transport Industry
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This pressure is also evident in the military segment of the aerospace industry. Risk is being
passed down the supply chain, and suppliers are being asked to invest more in new programs and
to manage a broader scope of the supply chain.43
2.4.3 Lean manufacturing
The two dominant airframers in the commercial aviation sector, Boeing and Airbus, have each
recently introduced new jetliner models, the 787 and A380, respectively. Boeing has designed
the 787 to allow for a final stage assembly in 3 days, whereas the 767 took as long as 30 days.44
Meanwhile, in 2006, Airbus intends to produce a single-aisle airframe in 6 months - a 50%
reduction from the 2003 cycle time.45 In order to achieve these remarkable cycle reductions,
while at the same time hitting the cost targets, the leading aerospace industry firms have adopted
lean manufacturing. UTC, Boeing and GE have all adopted the lean manufacturing philosophy
in an effort to improve operational efficiency. These OEMs are also pushing the lean approach
to their supply bases. The sourcing organizations have been charged with championing this
approach to suppliers. It is the task of the sourcing managers to incorporate the lean philosophy
into procurement contract language, train the suppliers in the lean principles and measure the
lean performance of their suppliers. Lean manufacturing presents at once an opportunity for
improved sourcing efficiency and a challenge to get "buy-in" from the supply base on yet
another initiative.
2.4.4 Supply chain disintermediation
The pressure on aerospace OEM's to lower procurement costs has resulted in a business
phenomenon known as supply chain disintermediation. Years of price reduction pressure on the
supply chain has recently resulted in the suppliers circumventing the traditional industry sales
channel. Traditionally, suppliers would sell replacement parts to the OEM who would in turn
sell to the end customer, most often the large commercial airlines. Instead, suppliers have begun
to sell directly to their buyers' customers. Not only are sourcing organizations receiving
pressure to achieve year-over-year cost reduction with an increasingly combative supply chain,
they are doing so in an environment in which the very same suppliers are attacking the sacred
high margin aftermarket business segment once monopolized by the OEM.
2.4.5 Raw material capacity constraints and price escalation
The growth of the aerospace industry over the past few years combined with the industrialization
and development of the Chinese and Indian economies have put a severe strain on the supply
chains of the metals industries. This has led to unprecedented prices for aerospace metals, such
as titanium, and long lead-times for industry metals across the board. Not surprisingly, this has
impacted the sourcing managers responsible for the procurement of raw materials, forgings and
castings. However, this trend has also affected sourcing managers responsible for fabrications,
machined parts and other components requiring aerospace metals for finished goods. Overall,
43 PriceWaterhouseCoopers: The Defence Industry in the 2 s1' Century
44 Michaels, D. & Lunsford, J.L.,: "Streamlined Plane Making; Boeing, Airbus Look to Car Companies' Methods to
Speed Up Jetliner Production"
45 Michaels, D. & Lunsford, J.L.,: "Streamlined Plane Making; Boeing, Airbus Look to Car Companies' Methods to
Speed Up Jetliner Production"
46 Rossetti, C. & Choi, T.Y.: "On the dark side of strategic sourcing: Experiences from the aerospace industry"
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the metals markets have put significant pressure on the cost reduction and lead time reduction
efforts of all aerospace sourcing managers.
2.4.6 Summary of impacts on sourcing functions
Despite the pressures that have been placed on the sourcing organizations of the U.S. aerospace
industry, the sourcing function has proved an invaluable resource in making the U.S. aerospace
industry more profitable over the past few years. Figure 2.9 illustrates the increased profitability
of the aerospace industry - from 3.9% return-on-sales in 2001 to 6.2% return-on-sales in 2005.
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Figure 2.9: Aerospace industry profitability47
This increase in industry profitability can in part be attributed to the impact of the sourcing
organizations of the leading aerospace firms. Yet, at the same time the industry is achieving an
increase in profitability, both in aggregate and as a percent of sales; the overall demand for both
military and civil aircraft has caused industry insiders to comment on the unprecedented strain on
the aerospace supply chain.
2.5 Inherent aerospace sourcing complexity
Beyond the trends that are the result of broader economic and market forces, there are some
characteristics of the aerospace industry that make the sourcing process inherently more complex
than other industries. These characteristics impose additional constraints on the total cost
analysis and the sourcing allocation decision process, and are of critical significance in the
development of a framework for optimal supply chain demand allocation. These characteristics
are discussed in the following sub-sections.
47 Aerospace Industries Association: 41'' Annual Year End Review & Forecast Luncheon
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2.5.1 Advanced technology
In general, the complexity of aerospace products is much greater than those of other
manufacturing industries. The designs, materials and processes used in the manufacture of
aerospace products are most appropriately characterized as advanced technology. Suppliers must
possess advanced technical design and processing knowledge in order to produce aerospace
products. Suppliers in the aerospace industry are held to higher standards than those in general
industry with increased quality requirements. The level of independent quality certification in
the aerospace industry is above the standards of ISO9000. To accommodate the requirements of
both the civil and military aviation and aerospace sectors, suppliers are held to the quality
management standards of the more rigorous AS9 100.48
In addition to design and processing knowledge, suppliers must also have a highly educated
workforce, both in the office and on the shop floor. According to the U.S. Bureau of Labor
Statistics, the production worker in the aerospace industry must posses a "high level of skill" and
be able to maintain "high quality standards in their work."49
Therefore, the numbers of suppliers currently capable of providing aerospace quality parts are
much less than in general industry. In fact, according to the independent Performance Review
Institute, there are only 1833 suppliers that are certified by the National Aerospace and Defence
Contractors Accreditation Program (NADCAP), the worldwide cooperative responsible for
validating special processing requirements of the aerospace industry such as heat treatment and
materials testing.5
Additionally, most aerospace suppliers are in highly developed, high cost labor regions. Of the
1833 NADCAP certified suppliers, 1263 are located in the U.S. 51 Meanwhile, there are only 89
NADCAP certified suppliers in all of Asia and 14 located in Mexico.5 Those in low-cost
regions generally require up front investment. The investment may take on the form of capital
equipment or processing knowledge or perhaps technical personnel on the ground.
2.5.2 Supplier qualification requirements
The U.S. aerospace industry is highly regulated. The FAA is responsible for regulating not only
commercial and non-commercial air traffic, but also aerospace equipment producers. Each flight
critical or flight essential component must pass a rigorous set of tests to validate design.
Moreover, the U.S. government requires even more rigorous testing and validation of designs
used in military aircraft. The testing and validation requirements of the FAA and the DOD
translate to higher costs for supplier qualification. This higher cost is a function of longer lead-
time requirements to qualify a new supplier and higher testing and qualification investment cost.
48 Scrimshire, D.: AS9100 - The Latest Development in Global Aerospace Quality Standards
49 U.S. Department of Commerce: The U.S. Jet Transport Industry
'0 NADCAP: PRIFA Qs
51 eAuditNet: Qualified Manufacturers List
52 eAuditNet: Qualified Manufacturers List
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2.5.3 Military / commercial mix
One of the inherent complexities of the sourcing function in the aerospace industry is the
management of the procurement and testing requirements of military products relative to those of
commercial or civil products. As previously stated, the testing and validation requirements for
product used in military aircraft exceed those of civil aircraft; however, there are additional
considerations, most notably the source requirements of military parts. In general, the DOD
requires all parts to be used on military aircraft be sourced from U.S. suppliers. Not without
exception, this requirement extends to the component parts and materials used by the U.S.
manufacturer in the production of military aircraft parts. Hence, the sub-tier supply base is
required to source their materials and parts from U.S. suppliers, as well.
2.5.4 Local content offset requirements
When airframers, engine system providers and major sub-system manufacturers sell products
overseas, in many instances local content requirements or offsets are included in the sales
contracts. For example, Boeing may sell ten 777 jetliners to a Brazilian based company or UTC
may provide the engines for the Embraer VLJ turboprop civil aircraft. As part of the contractual
agreements for both of these sales, Boeing and UTC may be required to purchase a certain
percentage of the contract value from Brazilian suppliers over the course of the next several
years. Although the example presented required the seller fund activity directly related to the
products sold, an offset agreement may require the seller invest in activities not directly related
to the product sold.53 An offset agreement may require the seller invest in development of
manufacturing capability in the buyer's country, or alternatively non-manufacturing
infrastructure such as a hospital or telecommunications capability.
53 Emiliani, M.L.: "Sourcing in the global aerospace supply chain using online reverse auctions"
5 Emiliani, M.L.: "Sourcing in the global aerospace supply chain using online reverse auctions"
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3 UTC and the Aerospace Supply Management team
This chapter provides an overview of the organization in which the six month internship took
place. This chapter begins by outlining the operations and financial performance of UTC, and
goes on to provide a thorough understanding of the UTC Aerospace Supply Management team.
It is important to understand the organizational structure and objectives of the Aerospace Supply
Management team to appreciate the sourcing complexity and constraints, and ultimately the
benefits of the research conducted.
3.1 UTC and the aerospace industry
This section provides a summary of UTC's operations, outlining the product and service
offerings of each business unit, followed by a review of the Corporation's financial performance.
Section 3.1 concludes with a discussion of the growth opportunities in UTC's Aerospace
business units.
3.1.1 UTC overview
UTC is a $37.4B multinational conglomerate based in Hartford, Connecticut.55 UTC has more
than 210,000 employees and over 250 manufacturing sites around the globe. 6 UTC's business
units provide high-technology products and services to the building systems and aerospace
industries through its seven business units.57 The seven business units of UTC are classified into
two categories: (1) Commercial and Industrial and (2) Aerospace. The business units and a brief
overview of their product and service offerings are provided in Sections 3.1.2 and 3.1.3.58
3.1.2 UTC Commercial and Industrial business units
Carrier59
Carrier is the world's largest producer and distributor of heating ventilation and air
conditioning (HVAC) systems, refrigeration and food service equipment, and related
controls for residential, commercial, industrial and transportation applications.
Additionally, Carrier provides aftermarket components and services for its own products,
as well as the products of other manufacturers.
UTC Fire & Securiy60
Formerly Chubb, UTC Fire & Security was given its current namesake with the
acquisition of Kidde in April 2005. UTC Fire & Security provides products and services
under the brand names Chubb and Kidde. Within the security space, the business
provides integration, installation, monitoring and service of intruder alarms, access
control and video surveillance systems. It also provides alarm response and security
5 United Technologies Corporation: 2004 Annual Report
56 United Technologies Corporation: Aerospace Supply Management Marketing Presentation
57 United Technologies Corporation: 2004 Annual Report
58 United Technologies Corporation: 2004 Annual Report
59 United Technologies Corporation: 2004 Annual Report
60 United Technologies Corporation Fire & Security: http://www.utc.com/units/security.htm
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personnel services, as well as cash logistics and physical security. The fire safety
offerings of UTC Fire & Security consist of various fire detection, suppression and fire
fighting products. UTC Fire & Security also provides integration, installation and service
of fire detection and suppression systems along with the manufacture and service of
portable fire extinguishers.
Otis61
Otis is the world's largest elevator and escalator manufacturer, installer and service
provider. Otis designs, manufactures, installs, maintains and services elevators,
escalators and moving walkways for a variety of commercial and residential buildings,
malls and urban transportation systems. Additionally, Otis provides upgrade packages
and service for products manufactured by competing firms.
UTC Power62
UTC Power provides combined heating, cooling and power systems for commercial and
industrial applications and fuel cell systems for commercial, transportation and space
applications, including the U.S. space shuttle program. As of the 2004 annual report,
UTC has not reported operating revenue or income for UTC Power; therefore, UTC
Power will not be included in the business unit performance in Section 3.1.4.
3.1.3 UTC Aerospace business units
Hamilton Sundstrand6 3
Hamilton Sundstrand is a leading supplier of technologically advanced aerospace and
industrial products. Aerospace products include systems for power generation,
management and distribution, along with flight, engine, fuel and environmental controls,
auxiliary power units and propeller systems. Hamilton Sundstrand also has an extensive
line of industrial products to complement their aerospace product lines. The industrial
products of Hamilton Sundstrand include air compressors, metering devices, fluid
handling equipment and gear drives.
Pratt & Whitney 64
Pratt & Whitney is one of the world's largest providers of commercial, general aviation
and military aircraft engines. Additionally, Pratt & Whitney offers spare parts and
aftermarket and fleet management services for those engines it provides, as well as those
of other engine manufactures. Moreover, Pratt & Whitney provides power generation
and space propulsion systems.
Sikorsky 5
61 United Technologies Corporation: 2004 Annual Report
62 United Technologies Corporation: 2004 Annual Report
63 United Technologies Corporation: 2004 Annual Report
" United Technologies Corporation: 2004 Annual Report
65 United Technologies Corporation: 2004 Annual Report
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Sikorsky is among the world's largest manufacturers of helicopters for both commercial
and military applications. Sikorsky also provides aftermarket helicopter and aircraft
products and services.
3.1.4 UTC financial and operational performance
A breakdown of 2004 revenue across the seven UTC business units is provided in Figure 3.1.
Fire & Skrk
Security
$2.9
Pratt & Whitney
$8.3
$1066
Hamilton
Sundstrand
Otis $3.9
$9.0
Figure 3.1: 2004 UTC revenue ($B) by business unit66
66 United Technologies Corporation: 2004 Annual Report
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A breakdown of 2004 UTC revenue by business type is provided in Figure 3.2.
Figure 3.2: 2004 UTC revenue by business type6 7
A breakdown of 2004 UTC revenue by geographic region is provided in Figure 3.3.
. Rest of World
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Figure 3.3: 2004 UTC revenue by geographic region61
67 United Technologies Corporation: 2004 Annual Report
68 United Technologies Corporation: 2004 Annual Report
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A breakdown of 2004 UTC revenue by product type is provided in Figure 3.4.
Aftermarket
- E 42%
Figure 3.4: 2004 UTC revenue by business type69
Figures 3.1, 3.2, 3.3 and 3.4 reveal a balanced portfolio of businesses, products, and revenue
streams. Although diversified, nearly 40% of revenue comes from the aerospace segment. As
such, the aerospace industry trends identified in Chapter 2 are of particular interest to UTC. In
fact, many of the growth trends identified in Chapter 2 will have a profound impact on the future
operating performance of the UTC Aerospace business units.
3.1.5 UTC Aerospace business growth
Hamilton Sundstrand was awarded a contract to provide eight of the major sub-systems on
Boeing's new 787 airframe - an anticipated $8B revenue stream over the life of the contract. 70
Meanwhile, Pratt & Whitney is one of the leaders in the development and production of the F-
135 Joint Strike Fighter jet engine, a program with the potential for as many as 4,500 fighter-jets
over the life of the program. Moreover, Sikorsky, the manufacturer of the Blackhawk
helicopter, is expected to more than double revenue over a 6 year period from 2004 to 2010 with
minimal increase in production facility square footage.72 At the same time, the commercial arm
of Pratt & Whitney located in Quebec, Canada has become a major force in the civil turboprop
market.7 3 Pratt & Whitney Canada, as it is known, have captured the dominant position in the
turboprop engine systems market segment as the lead provider of engines on the new Cessna
Mustang, Eclipse E500 and Embraer VLJ and LJ product lines.
69 United Technologies Corporation: 2004 Annual Report
70 Hamilton Sundstrand: "Hamilton Sundstrand Achieves Major Milestone in Dreamliner Development Program;
Completes First Engine Test of the Boeing 787 Auxiliary Power Unit"
71 United Technologies Corporation: Aerospace Supply Management Marketing Presentation
72 Defence Systems Daily: "Sikorsky on Track for Sustained Growth"
73 Franus, D.J.: "Engines Climb Back"
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3.2 UTC sourcing operations
UTC is relying on their sourcing organizations and their supply base to successfully execute the
business growth identified in Section 3.1.5. The demand growth outlined in Section 3.1.5 has
placed significant strain on all of the sourcing functions of the UTC Aerospace business units.
This demand growth has put pressure on the sourcing organization of each of the Aerospace
business units to not only ensure on-time fulfillment, but to also continue to lower the cost of
direct material procurement. Without effective utilization of the existing supply base, as well as
identification of new suppliers, the financial benefits of the programs identified will not be
realized.
3.3 Aerospace Supply Management team
The Aerospace Supply Management (ASM) team is a strategic sourcing organization formed by
the UTC Aerospace business units in the late 1990's. The ASM team is charged with lowering
the total cost of procurement, leading global sourcing activities and enabling the supplier
development effort. The following sub-sections define the ASM team, its charter and
organization structure.
3.3.1 ASM overview
The ASM team was developed to aggregate the direct material purchases of the Aerospace
divisions of UTC and act as "one-UTC" to the supply base. A high level of product synergy
exists across the aerospace divisions of UTC. In fact, many of the component parts are
manufactured using the same processes. Prior to the formation of the ASM team, the Aerospace
business units in many cases were using the same suppliers, but were not utilizing the leverage
provided by the other Aerospace business units in contract negotiations.
The ASM team coordinates the strategic sourcing activities of the three Aerospace business units
- Pratt & Whitney, Hamilton Sundstrand and Sikorsky. The Aerospace business unit sourcing
teams are responsible for the division-specific parts that do not have processing synergies with
the other Aerospace business, as well as the more tactical aspects of sourcing. These tactical
elements include purchase order placement and shop-floor fulfillment. Meanwhile, the ASM
team is focused on strategy development and execution, and long-term supply chain contract
development.
3.3.2 ASM organizational structure
The ASM team leadership reports directly to the Executive Director of Supply Management
(Sourcing) who has responsibility for both strategic indirect and direct sourcing across the
Corporation. In turn, the Executive Director of Supply Management reports to the UTC Vice
President of Operations. The peers of the Executive Director of Supply Management are the
Vice Presidents of Supply Management at each of the Corporations' business units. The Vice
Presidents of Supply Management of each business unit report directly their respective Vice
Presidents of Operations who also report to the UTC Vice President of Operations. Figure 3.6
provides a top-level organization chart of the ASM team leadership reporting structure.
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UTC CEO
UTC VP Operations
Sikorsky Pratt & Whitney Ham. Sund.
VP Operations VP Operations VP Operations
Sikorsky Pratt & Whitney Ham. Sund.
VP Supply Mgnt. VP Supply Mgnt. VP Supply Mgnt.
Otis Fire & Security Carrier
VP Operations VP Operations VP Operations
Otis Fire & Security Carrier
VP Supply MgntI VP Supply Mgnt VP Supply Mgnt.
Executive Director
UTC Supply Management
Aerospace Supply Management Team
Figure 3.6: Top-level ASM reporting structure
Although the reporting structure in Figure 3.6 seems to indicate that the ASM team reports up
through to the UTC Vice President of Operations, in reality, the customers of the ASM team are
the Aerospace business unit Vice Presidents of Supply Management. In fact, the Supply
Management organizations of the Aerospace business units fund the operating budget of the
ASM team.
Internally, the ASM team is organized into three sub-teams: (1) Regional Management, (2)
Supplier Development and (3) Commodity Management. Figure 3.7 provides a detailed
organization chart of the ASM team.
MIT Thesis - Jason R. Kary
I
Page 32 of 80
Director, Aerospace Supply Management Team
Commodity
Management Regional Management,
- Lead Commodity Manager - Lead Regional Manager
- Commodity Manager - Fabrications - Regional Manager - Europe
- Commodity Manager - Electrical - Regional Manager - Asia
- Commodity Manager - Forgings - Regional Manager - Mexico
- Commodity Manager - Raw Material - Regional Manager - South America
- Commodity Manager - Castings
- Commodity Manager - Machined Components
- Commodity Manager - Composites
- Commodity Manager - Engineered Items
- Commodity Manager - Configuration Hardware
Supplier Development
Supplier Development Leader
Figure 3.7: ASM organization chart
The following sub-sections provide additional background on each of ASM functional teams;
however, the thesis research is predominantly concerned with the activities of the commodity
management team, and to a lesser extent those of the regional management team as they relate to
the utilization of new low-cost international suppliers for demand fulfillment.
3.3.2.1 Regional Management
The Regional Management team is focused on the globalization strategy of the Aerospace
business units. The Regional team works with the Aerospace business units to identify new
suppliers in low-cost regions around the globe. In addition, the Regional team develops the
strategy for entry into new markets and ensures compliance with local content offset
requirements.
3.3.2.2 Supplier Development
The Supplier Development team is the smallest of the three ASM functional teams. The Supplier
Development team coordinates the lean manufacturing and other process improvement efforts of
the supply base.
3.3.2.3 Commodity Management
The Commodity Management team consists of approximately ten commodity managers, each
with responsibility for the development and execution of the sourcing strategy for a group of
similar parts or materials, referred to hereafter as commodities. For instance one commodity
manager is responsible for coordinating activities associated with small machined parts -
components less than 24" in total length or diameter, which require some processing that consists
of milling, turning, drilling, reaming, grinding and / or other metal working process. Likewise
there is a commodity manager for each of the following commodities:
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Fabrications
Raw Material
Fasteners
Electrical
Castings
Engineered items
Forgings
Composites
Configuration hardware
Below the commodity level, a commodity manager further divides a commodity into part
families. For example, the single commodity may contain up to 20 part families. Typically,
mechanically-based commodities are divided into part families based on two dimensions, size
and required processing. Figure 3.8 provides an example of how the small machined parts
commodity could be divided into part families:
>12"
Size 6"-12"
< 6"
Part Familyl
Part Family 4
Part Family 7
Mill
Part Family 2 Part Family 3
Part Family 5 Part Family 6
Part Family 8 Part Family 9
Turn Drill
Processing Capability
Figure 3.8: Example of UTC ASM part family breakdown
Non-mechanically-based commodities may utilize alternative differentiation techniques to define
the part families. Within each part family, the ASM commodity managers are responsible for
aggregating the demand across all three Aerospace business units and subsequently developing
and executing the sourcing strategy to ensure fulfillment of demand.
In addition to developing and executing commodity and part family strategies across the
Aerospace business units, commodity managers also perform the following functions for the
ASM team:
S
S
Lead strategy and negotiation meetings with key suppliers
Negotiate UTC-wide agreements on terms and conditions of purchase
Incorporate Regional team globalization strategies into the commodity and part family
strategies
AL
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. Promote supplier development activity with the supply base
3.4 ASM strategic sourcing approach (8-Step Sourcing Process)
Having defined the organization of the ASM team, it is now appropriate to review the process
used by the commodity team in the development and execution of the strategic sourcing efforts
of the Aerospace business units. In order to ensure demand fulfillment, the commodity managers
utilize the "8-Step Sourcing Process" to procure material from the supply base. This process was
developed in conjunction with the Calyptus Consulting Group and consists of the following
steps:
Step 1: Perform procurement analysis and profile sourcing groups
Step 2: Develop sourcing strategy
Step 3: Develop supplier portfolio
Step 4: Develop solicitation and visit suppliers
Step 5: Evaluate supplier proposals
Step 6: Select competitive suppliers
Step 7: Negotiations and contract approval
Step 8: Manage implementation plan for products and services
Although the "8-Step Sourcing Process" outlines the top-level approach taken by all of the ASM
team, it does not delineate analysis techniques that are used for making sourcing decisions.
3.5 ASM sourcing analysis and allocation decision complexity
Much work has been done to develop static, point-forecast cost models based on known or
supplier quoted costs in support of the analysis of Steps 5 through 7 of the "8-Step Sourcing
Process." Basic cost analysis can easily be developed to provide financial comparisons of
multiple fulfillment options. However, little work has been done to provide commodity
managers with models that provide insight into the impact of the dynamics and uncertainties that
exist in today's sourcing environment. Moreover, the ASM commodity managers lack a
decision support framework to ensure optimal allocation of demand to the supply base.
3.5.1 Total cost sensitivity analysis
An effective total cost analysis should be dynamic in nature, taking into account the complexities
of the sourcing landscape. Some of the most notable dynamics that are becoming more and more
prevalent in today's procurement environment, and need to be adequately considered when
making sourcing decisions with internationally based suppliers include:
* Currency fluctuation risk
* Tax rate variability
* Disproportionate level of quality and delivery performance
The thesis work will develop a model with sensitivity analysis that permits an assessment of the
impact of each criterion over a range of probable values.
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3.5.2 Optimal demand allocation
In addition to the development of sensitivity analysis to account for the dynamic sourcing criteria
identified above, an analysis is to be conducted to determine how to optimally allocate the parts
within a part family given that multiple suppliers possess the ability to produce parts within a
particular family. The motivation for this analysis stems from the ASM team's assessment that
suppliers awarded a complete part family have fulfillment issues due to capacity constraints.
Historically, the ASM team policy has been to allocate a complete part family to one supplier.
However, in the current market place with significant demand growth, this policy is no longer
effective given the severe capacity constraints on the supply base.
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4 Sensitivity of total cost analysis
This chapter introduces the concept of total cost analysis and identifies those cost factors relevant
to the commodity managers of the ASM team. This chapter examines the impact of dynamic
marketplace conditions on the comparison of demand fulfillment options. The objective of this
chapter is to present a cost model that enables sourcing managers to quantify the sensitivity of
total cost evaluations to variations in supply chain dynamics and low-cost international supplier
performance.
4.1 Total cost analysis
It is well established within the literature, and increasingly so with sourcing professionals and
corporate leadership, that purchase price variance is no longer a sufficient means of supplier
comparison. Not long ago, purchase price was the standard method of supplier comparison per
the 1999 comments of Degraeve and Roodhooft:74
"The cheapest supplier is usually selected without taking into consideration additional
costs this supplier may introduce in the value chain of the purchasing organization. Thus,
the cost related to unreliable delivery, limited quality of goods supplied, and poor
communications are not involved in the selection process."
The ASM team of UTC is working to ensure this comment does not apply to their supplier
selection practices. The ASM team and the UTC Operations leadership have embraced the total
cost approach in the evaluation of sourcing decisions.
In their comprehensive study, Ferrin and Plank identified the three principles that form the
foundation of the total cost analysis framework:75
1. Long term perspective: Cost should be examined from a long term perspective and must
include elements other than purchase price.
2. Business-wide implications: Sourcing managers must consider the impact of their
decisions on other business functions.
3. Importance of cost measurement: In order to value a procurement decision
appropriately, a sourcing manager must measure the cost of all activities associated with
fulfillment.
The principles identified above are dependent on the elements of cost included and measured in
the analysis. Many cost elements or factors can be identified, but only a subset is relevant to the
analysis of the ASM team.
At this juncture of the analysis, it is important to emphasize that the total cost models developed
are based on quantifiable cost elements. Total cost elements are distinguished from strategic
considerations, or additional measures that should be included in the decision process (but not as
74 Degraeve, Z. & Roodhooft, F.: Effectively Selecting Suppliers Using Total Cost of Ownership
7s Ferrin, B.G. & Plank, R.E.: Total Cost of Ownership Models: An Exploratory Study
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part of a total cost analysis), in their ability to be quantified as future cash flows. Despite a lower
total cost, suppliers may not be used due to strategic considerations; however, these
considerations and subsequent decisions are not the focus of this thesis research.
4.2 Relevant cost factors
Many approaches to the categorization of total cost components have been documented. The
most complete listing of total cost components discovered in the literature review came from
Ferrin and Plank and their 2002 study. The comprehensive exploratory study of total cost
modeling by was based in large part on the 146 respondents of a survey of Institute for Supply
Management members. Ferrin and Plank were able to develop 13 categories from the 237 cost
drivers identified by the respondents.7 6 Duplicate eliminations reduced the 237 cost drivers to
135 individual responses. The 13 categories identified include the following:
Operations cost Quality Customer-related
Logistics Initial Price Technological Advantage
Opportunity Cost Supplier Reliability Maintenance
Inventory Cost Transaction Cost Life Cycle
Miscellaneous
Although the listing provided by Ferrin and Plank is comprehensive, it is in no way structured to
accommodate an assessment of the total procurement cost of different suppliers. Moreover,
many of the factors could be classified as strategic considerations. For example, "supplier ability
to change technology," "technology" and "supplier ability to grow", all factors identified in the
study survey, should be taken into account when making a sourcing decision, but not as part of a
quantitative total cost analysis.
4.2.1 Quantitative total cost factors
James Womack, of "The Machine that Changed the World" and "Lean Thinking" fame, provides
the most appropriate and executable examination of total cost factors. When examining low-cost
international sourcing options, Womack argues to "do some math before you move and make
sure it is lean math." ' Womack's "lean math" identifies the items that need to be included in a
total cost analysis when considering outsourcing to low-cost international suppliers. These items
include the following: 78
(1) Piece part price
(2) Cost of slow freight
(3) Overhead cost allocation to non-outsourced parts
(4) Cost of additional inventory for goods in-transit from low-cost country
(5) Cost of increased safety stock
(6) Cost of expedited shipments from more distant supplier
(7) Cost of quality and warranty claims in the event of long learning curve of low-
cost supplier
7 6 Ferrin, B.G. & Plank, R.E.: Total Cost of Ownership Models: An Exploratory Study
77 Womack, J.: Move your operations to China? Do some lean mathfirst.78 Womack, J.: Move your operations to China? Do some lean mathfirst.
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(8) Cost of engineering and technical personnel travel to ensure proper level of
quality and part conformity
(9) Cost of management visits to set-up operations, and to develop and
continue a relationship with the supplier operating in remote business
environment
(10) Cost of stock-outs and lost sales due to longer lead times
(11) Cost of obsolescence for scrapped parts ordered to forecast that are not
required
(12) Cost of low-cost supplier becoming a competitor
(13) Cost of currency risk
(14) Cost of country risk including political instability
(15) Cost of connectivity in the management of information flows and
communication
Womack narrows the scope of total cost drivers identified in the Ferrin and Plank study. A
majority of Womack's items are quantitative and are not of pure strategic consideration. A
notable exception is item- 12 above (Cost of low-cost supplier becoming a competitor), which is
a purely strategic consideration and nearly impossible to quantify. Moreover, the risk of a
supplier becoming a competitor could be said of a domestic supplier who is closer to the end-
customer. In addition, the terms and conditions of purchase in the procurement contracts of UTC
are typically structured such that the only inventory considerations are those of cycle stock and
safety stock, and not in-transit inventory per "lean math" item-4 above.
The "lean math" of Womack does not, however, include the cost associated with taxes, duties
and fees associated with exporting and importing goods from international suppliers. It is not
uncommon for export tax rates from many of the targeted low-cost countries to exceed 20% of
purchase price.
Womack's "lean math" captures cost elements that are pertinent to the evaluation of any
sourcing activity including comparisons of make-to-buy and buy-to-buy analyses. Given that
most of the sourcing activity of the ASM team is focused on buy-to-buy analysis, or the
examination of which supplier is to provide parts that are already outsourced, the scope of "lean
math" can be limited further.
4.2.2 Buy-to-buy analysis
Womack's "lean math" included "overhead cost allocation to non-outsourced parts." However, a
vast majority of the analysis and work scope of the ASM team is focused on buy-to-buy
evaluations, or the assessment of the current supplier of an outsourced part relative to that of an
alternative supplier. In the case of a buy-to-buy analysis, the overhead cost allocation is not a
relevant consideration.
4.2.3 Recurring and non-recurring cost
Having defined those factors that are relevant to the examination of buy-to-buy analyses, it is
necessary to frame them in a manner that allows for mathematical modeling. Perhaps the most
logical is to categorize the cost factors that are dependent on the quantity of parts purchased as
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recurring costs and those that are independent of the quantity purchased as non-recurring cost
elements.79 The model presented utilizes this distinction in the classification of the cost
elements.
4.3 Importance of sensitivity analysis
At this point, there has been much discussion of the importance of total cost analysis and the
identification of those recurring and non-recurring cost elements that are relevant to the ASM
team's buy-to-buy analyses. However, there has been no mention of the dynamic nature of total
cost. Despite the utilization of advanced forecasting models and ERP systems, the old adage that
a forecast is never right still applies in today's supply chain environment. If the forecasted
volumes are inaccurate, the recurring costs cannot be accurate. Even if sourcing managers had
100% forecast accuracy, the fact remains that sourcing to low-cost international suppliers
introduces supply chain dynamics that do not exist when sourcing only from domestic suppliers.
Sourcing managers must be concerned with the fluctuation in export tax rates that exist in
foreign markets that can vary over time. They must also understand the variable nature of
currency exchange rates, the likelihood of disproportionate levels of supplier quality and delivery
that exist when sourcing to suppliers unfamiliar with aerospace product, and the increased
logistic complexity and risk that are introduced.
Sensitivity analysis addresses these dynamics. The sensitivity analysis of the cost model will
"provide a better picture of how the solution to a problem will change if different factors in the
model change."80 The importance of such sensitivity analysis can not be underestimated and the
results of the model will bear out the importance of such analysis. The sensitivity analyses
examined with this model include currency fluctuation, tax rate variability and disproportionate
levels of delivery and quality performance. Moreover, the model can also be used to examine
the sensitivity of the output to any of the input variables.
4.4 Cost model
This model does not attempt to encompass all potential total cost analysis challenges, but rather
to present a framework that can be applied to a majority of the buy-to-buy analyses conducted by
the ASM team. It is well established within the literature and through surveys of sourcing
professionals, that a universal cost model that applies to all situations and commodities is not
possible.8 1 Instead a framework is presented that can be used in a majority of the buy-to-buy
analyses conducted by the ASM team and adapted to accommodate more unique analysis
requirements as they arise.
The model presented is intended to apply to part families that may contain as many as 100
different part numbers. Therefore, multiplier functions are used to develop representative cost
comparisons. In the event the commodity manager is capable of providing values for all non-
recurring and recurring cost, they can do so with the model presented. However, in the author's
experience, it is unrealistic to assume that a commodity manager will be able to provide detailed
cost information for each part from each supplier. Moreover, it is also the author's experience
79 Fera, P.: Developing a Framework for International Outsourcing in the Commercial Aircraft Industry
80 Ragsdale, C.T.: Spreadsheet Modeling & Decision Analysis
81 Ferrin, B.G. & Plank, R.E.: Total Cost of Ownership Models: An Exploratory Study
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that the true total cost is generally underestimated if values are attempted to be quantified on a
line-by-line basis. Therefore, representative multiplier functions are used and can be varied by
the commodity manager. The baseline multiplier values used in the analysis provide cost values
that are representative of actual recurring and non-recurring costs incurred.
The total cost is compared by determining the cash flows associated with annual demand
fulfillment for the recurring expenses. The non-recurring costs are assumed to be incurred at the
end of the first year. The cash flows are then discounted to determine the net present value
(NPV). It is well established that NPV is the most appropriate method of comparing investment
options.82
It is first necessary to define the cash flow elements used as the basis for the total cost analysis
model. Following the discussion of the cash flow elements, the model inputs are defined and
representative values provided.
4.4.1 Cash flow elements
Per the Section 4.2.3 discussion, the cost factors of the model are categorized as either recurring
or non-recurring costs. The recurring and non-recurring cost elements are first defined in
Sections 4.4.1.1 and 4.4.1.2, and then mathematically modeled in Sections 4.4.1.3 and 4.4.1.4.
4.4.1.1 Recurring cost elements defined
Purchase price: the purchase order cost of procurement
Ordering cost: the cost of processing and placing a purchase order
Inventory holding cost: the handling, obsolescence, shrinkage and financial opportunity cost of
carrying inventory,
a. Cycle stock holding cost: cost of holding inventory subject to periodic replenishment
- quantified as one-half the lot order size (does not include safety stock)
b. Safety stock holding cost: cost of inventory held in excess of cycle stock to account
for variability in both demand and lead time
Non-performance cost: cost of poor supplier delivery and quality performance
Transportation cost: cost of transport of finished goods from the supplier to destination
location,
a. Regular transportation: cost of non-expedited transport from the supplier to the
destination location
b. Premium transportation: cost of expedited transport from the supplier to the
destination location
On-going coordination cost: cost of communication, supplier development and commodity
management efforts required to maintain a supplier relationship
82 Brealey, R.A., Myers, S.C. & Allen, F.: Principles of Corporate Finance
MIT Thesis - Jason R. Kary Page 41 of 80
Tax cost: the cost associated with taxes, dues, fees and tariffs required to export and import
purchased material from the low-cost international supplier
The recurring costs are calculated for each year of the five year procurement contract time
horizon to determine the annual cash flows.
4.4.1.2 Non-recurring cost elements defined
Non-recurring cost: the investment and part qualification costs incurred in the first year to
establish a new low-cost international supplier. These costs correspond to all the following non-
recurring cost factors:
" Tooling
* Equipment
* Engineering qualification
* Relocation expenses
* Insurance and transportation
* Contract termination cost
* Other set-up costs
The non-recurring expenses within the model have been characterized as a function of the unit
purchase price. A multiplier is then used to mark-up the non-recurring investment cost to a value
that is representative of the true cost of initial investment that incorporates the cost elements
identified in the section above.
It is the assumption of the analysis presented that the domestic supplier is currently providing the
part and is hence qualified to produce the part. However, the model can easily be adjusted to
accommodate comparison of an alternative domestic supplier, but typically a domestic supplier
is not able to offer a sufficient price discount to overcome the initial non-recurring investment
cost.
4.4.1.3 Recurring cost elements modeled
Purchase price:
Yearl unit + [CYear over year Year 1 unit l-YearX)1 * Annual
purchase price price reduction purchase price) (Demand)
where
Year 1 unit purchase price is defined as the supplier quoted price to provide a given part
in the first year of the procurement contract,
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Year over year price reduction is defined as the supplier quoted annual price reduction,
which is quoted as a percent of the Year 1 unit purchase price, and
Year X is defined as year 1, 2, 3, 4 or 5 of the five year procurement contract time
horizon.
Ordering cost: L Annual demand 1(Cost per purchase order placed)* Opimaldeant
IOpimal order quantity_
where the Optimal order quantity,
Q 2* (Cost per purchase order placed)* (Annual demand)
(Unit purchase price)* (Inventory holding cost)
Inventory holding cost:
Cycle stock holding cost:
- * (Unit purchase price) * (Inventory holding cos t)
.2_
Safety stock holding cost:
(Standard deviation(Unit purchase price)* k * S * (Inventory holding cost),
of leadtime demand)
where k = safety factor, which is a function of service level
Non-performance or shortage cost:
Unit Cost Of Standard deviation Annual Demand
purchase * poor quality * * G, (k) *
price ) or delivery )of leadtime demand Optimal order quantity]
where
Cost ofpoor quality or delivery is defined as a percent of the Unit purchase price, and
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0 I uG, (k) = ( -k - exp - Idu0 , a special function of the unit normal variable,
kii 2
Gu(k), is used in finding the expected shortages per replenishment cycle8 3
Transportation cost:
Regular transportation:
(Total annual purchase price)* (Percent cost of transportation)
Premium transportation:
Cost of regular) Percent premium (Premium transportation
transportation transportation multiple
On-going coordination cost:
(Total annual purchase price) * (Percent on going coordination cost)
Tax cost:
(Total annual purchase price)* (Tax rate)
4.4.1.4 Non-recurring cost elements modeled
Non-recurring cost:
(Unit purchase price)* (Non recurring cost multiplier)
4.4.2 Required model inputs
In order to calculate the recurring and non-recurring cost factors, the model requires user defined
inputs to generate solutions. As was the case with the cost elements, the model inputs are first
defined in Section 4.4.2.1 and then quantified in Section 4.4.2.2 with representative values. Per
the comments of Section 4.4, given the challenge of quantifying all costs from a bottoms-up
perspective, the reader will note that several of the required inputs are percentages rather than
aggregate values.
4.4.2.1 Model inputs defined
The model input values can be categorized as supplier independent and supplier dependent. The
supplier independent inputs correspond to those values that do not vary based on the supplier
83 Silver, E.A., Pyke, D.F., & Peterson, R.: Inventory Management and Production Planning and Scheduling (1998)
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used, whereas the supplier dependent inputs vary based on whether the supplier is domestic or
international.
The supplier independent inputs consist of the following:
Discount rate (%): rate used to calculate the present value of discounted cash flows.84 The
discount rate is a function of the corporate weighted average cost of capital and should be
provided by the corporate finance team.
Cost per order ($): corresponds to the labor processing required to physically place a purchase
order.
Inventory holding cost ($/$/year): the cost of holding inventory including handling,
obsolescence, shrinkage and financial opportunity cost.
Demand (units): forecasted annual demand over the 5 year horizon - to be provided for each
year.
Non-recurring cost multiplier (dimensionless): Multiple used to define the total non-recurring
cost based on the unit price.
Low-cost supplier discount (%): the percent unit price discount offered by the low-cost
international supplier.
Coefficient of annual demand variation (dimensionless): -,
where u = standard deviation of demand
p = expected demand
the model assumes normal distribution of demand (this value is used to calculate the
variation of demand over the lead-time).
The supplier dependent inputs consist of the following:
Baseline unit purchase price ($/unit): supplier quoted Year-I price per part
Year-over-year price reduction (%): supplier quoted annual price reduction, based on the
Year-I unit purchase price
Lead-time (days): total fulfillment lead-time including both manufacturing lead-time and
transportation lead-time. The base model assumes manufacturing lead-times of the domestic and
low-cost international supplier to be equivalent. The difference in lead-time is a function of the
increased transportation time required of the low-cost internationally-based supplier.
84 Brealey, R.A., Myers, S.C., and Allen, F.: Principles of Corporate Finance
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Coefficient of variation of lead-time (dimensionless): -,
where o- = standard deviation of lead-time
p = expected lead-time
Percent cost of regular transportation (%): cost of regular transportation as a percentage of
the total annual purchase price.
Percent premium transportation (%): percent of total transportation requiring expedited
shipment.
Premium transportation multiple (dimensionless): multiple used to define the cost of
expedited transportation relative to the cost of regular transportation.
Service level (%): refers to the probability there will be no stock-out within an order cycle, or
alternatively the proportion of order cycles without a stock-out, where the order cycle is defined
as the time between replenishment orders. 85
On-going coordination cost (%): percent of total annual purchase price required to maintain a
supplier relationship, including cost of communication, supplier development and commodity
management efforts.
Low-cost country tax, tariff and duty rate: tax rate for export of parts from low-cost
international supplier.
Cost of poor quality / delivery (%): cost of late delivery or poor quality as a percentage of unit
price.
4.4.2.2 Cost element baseline value characterization
This section presents the supplier dependent and independent inputs used in the example
presented in this thesis. The inputs are not actual values used by the ASM team in the evaluation
of a sourcing decision, but are intended to be representative of values associated with an
incumbent domestic supplier, a supplier based in Mexico and an Asian supplier, perhaps located
in India or China. The input variation occurs along seven of the supplier dependent value inputs:
(1) Baseline unit purchase price
(2) Lead-time
(3) Percent cost of regular transportation
(4) Percent premium transportation
(5) On-going coordination cost
(6) Low cost country tax, tariff and duty rate
(7) Cost of poor quality or delivery
8' Anupindi, R., et al.: Managing Business Process Flows
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The baseline unit purchase price variation is a function of the difference in labor rates. The lead-
time variation is a function of the increased transportation cycle required of the suppliers not
located in the U.S. Once again, per Section 4.4.2.1, it is the assumption of this analysis, that
there is no variation in the supplier manufacturing cycle time. The variation along the
transportation criteria and coordination cost (items 3, 4 and 5 above) are a function of the
additional cost of transportation and communication over a longer distance. The variability of
the tax, tariff and duty rates are logically a function of government legislation. Lastly, the
variation in the percent cost of poor quality or delivery is used to offset the modeled impact of
the low-cost supplier. The calculation of the cost of supplier non-performance is partly a
function of the purchase price, which is lower for the international suppliers, resulting in a
reduced cost for this parameter relative to the domestic supplier. Given that much of the cost to
the business is not necessarily the cost of the part, but rather the production impact and expedited
procurement of a replacement part, the cost of non-performance should be at least equal to and in
most instances greater than that of the domestic supplier, hence the larger percent cost of poor
delivery or quality.
In addition to the clarification of the supplier dependent inputs, there is one clarification on
supplier independent model inputs. The reader will note the demand fluctuation over the five
year time horizon. This fluctuation is representative of the forecasted demand the aerospace
OEM providers are currently experiencing. There is a significant increase in demand over an
approximate three year time horizon where orders have been committed; however, over the more
distant horizon, the demand levels off. The actual forecasts within MRP systems actually drop
off, but commodity managers and the suppliers fully expect demand to fill in as orders are
committed over the next few years. As such, the demand in Year-3 is a 50% increase from Year-
1, and Years 4 and 5 are both at levels 30% above Year- 1.
Table 4.1 provides the baseline values for the supplier independent inputs and Table 4.2 provides
the baseline values for the supplier dependent inputs.
Supplier Independent Model Inputs Baseline VAlue
Discount rate 12%
Cost per order $150
Inventory holding cost 25%
Demand, Year-1 100
Demand, Year-2 120
Demand, Year-3 150
Demand, Year-4 130
Demand, Year-5 130
Non-recurring cost multiplier 100
Low-cost supplier discount 25%/35%
Coefficient of demand variation 0.10
Table 4.1: Supplier independent model inputs
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baseline unit purchase price
Year-over-year price reduction
Lead-time
Coefficient of lead-time variation
Percent cost of regular transportation
Percent premium transportation
Premium transportation multiple
Service level
On-going coordination cost
Low-cost country tax, tariff and duty rate
Cost of poor quality / delivery
I UUU _
2.5%
70
0.1
1%
10%
5
95%
1%
0%
150%
u
2.5%
77
0.1
2%
12.5%
5
95%
1.5%
10%
250%
6 U
2.5%
98
0.1
4%
15%
5
95%
2%
25%
300%
Table 4.2: Supplier dependent model inputs
For the reader's reference, Appendix A provides an example of the Excel worksheet used for the
user inputs.
4.4.3 Mathematical modeling
Based on the recurring and non-recurring cash flow calculations provided in Section 4.4.1 and
the representative input values in Section 4.4.2, the total cost model can be fully developed.
The model analysis was developed using the Microsoft Excel application given its user-friendly
interface and seemingly universal acceptance at UTC.
The model is structured to enable the user to compare the NPVs associated with using a domestic
supplier and a low-cost international supplier. The method of comparison is NPV differential,
where the differential is calculated by subtracting the NPV of the low-cost supplier cash flows
from the NPV of the domestic supplier cash flows. The NPV differential is analyzed over a
range of probable values representative of the variation in relevant supply chain dynamics and
variation in performance of the Mexican and Asian suppliers.
4.5 Results of analysis
The total cost analysis begins with calculations of the recurring and non-recurring costs over the
five year procurement contract horizon. This is used to develop a cash flow profile per Figure
4.1. Although not discounted to present value, the cash flow profile provides the commodity
manager with an understanding of the cash outflows over the life of the procurement contract.
The Microsoft Excel cash flow worksheets for the U.S.-Mexican and U.S.-Asian supplier
comparisons are provided in Appendix A.
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Figure 4.1: Cash flow profile
The cash flow profile can then be used to determine the NPV based on the discount rate. The
model then permits the user to examine the sensitivity of NPV differentials to variations in tax
rates, currency fluctuation and poor supplier delivery and quality performance. The following
sections review the sensitivity of these criteria. Only the NPV differential for the comparison of
the U.S. and Mexican supplier are provided. The reader may refer to figures A. 1, A.2 and A.3 in
Appendix A for the U.S.-Asian supplier sensitivity analyses.
4.5.1 Tax rate variation sensitivity
Figure 4.2 provides a graphical representation of the impact of variation in the tax rate on the
NPV differential. For reference, the negative NPV differential values correspond to the U.S.
supplier being the lower total cost provider. The NPV differential over a 10% range (+/- 5%
from nominal) varies $32,010. The nominal tax rate is 10%.
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Figure 4.2: Sensitivity of NPV differential to variation in tax rate - U.S. versus Mexican supplier
4.5.2 Currency fluctuation sensitivity
Figure 4.3 provides graphical representation of the impact of currency fluctuation on the NPV
differential. As was the case with the tax rate graphic, the negative NPV differential values
correspond to the U.S. supplier being the lower total cost provider. In this case, a negative
international tax rate corresponds to a stronger dollar, hence making a stronger case for sourcing
to the Mexican supplier. Conversely, a positive international tax rate corresponds to a weaker
dollar, making a stronger case for procurement from the U.S. supplier.
The sensitivity if the NPV differential is quite evident from the graphic. A weakening of the
dollar by less than a few cents would translate to the utilization of U.S. supplier given the lower
total cost. The NPV differential over a 10% range (+/- 5% from nominal) varies $38,152. The
nominal currency exchange rate is 0%.
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Figure 4.3: Sensitivity of NPV differential to currency fluctuation - U.S. versus Mexican supplier
4.5.3 Supplier performance sensitivity
Figure 4.4 provides a graphical representation of the impact of supplier delivery and quality
performance on the NPV differential. Once again, the negative NPV differential values
correspond to the U.S. supplier being the lower total cost provider. The NPV differential over a
6% customer service level range (+/- 3% from nominal) varies $10,232. The nominal customer
service level is 95%.
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Figure 4.4: Sensitivity of NPV differential to supplier delivery and quality performance - U.S. versus
Mexican supplier
4.6 Limitation of analysis
The model developed is not intended to serve as the only mechanism for supplier proposal
evaluation. Rather, the intention of the model is to allow the commodity manager to make the
most accurate assessment of the true cost of demand fulfillment from a given set of suppliers.
The model should not be considered in a vacuum but instead incorporated into the strategic
assessment.
It is also important to note that the sensitivity analysis examines the variation of only one
variable at a time. Quite often, more than one variable is impacted; however, this analysis allows
the commodity to understand the relative impact of variation of each criterion. Moreover, the
model assumes the positive or negative variation effects take place immediately after initiation of
the procurement contract and persist over the five year time horizon.
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5 Demand allocation to the supply base
This chapter builds on the analysis of Chapter 4, which compared the NPV of projected cash
flows when using different suppliers for demand fulfillment. This chapter extends that analysis
and develops a model which allows the commodity manager to determine the optimal supplier
allocation portfolio given the total cost model calculations. The demand allocation model is built
within a linear programming framework. This chapter begins with an examination of the
objectives of the programming model and goes on to develop the mathematical representation,
concluding with a review of the findings and model limitations.
5.1 Need for demand allocation model
The cost model developed in Chapter 4 enables the commodity manager to determine the NPV
of the cash flows for a given supplier over the five year procurement contract for one particular
part. Yet, the ASM commodity managers are typically negotiating procurement contracts for a
family of parts that may contain as many as 100 or more different part numbers. Therefore, the
cost model used in isolation only allows the commodity manager to compare the supplier
proposal costs for a given part number, whereas a demand allocation model is necessary to
determine which suppliers should be awarded each part of a given part family. The issue with a
commodity manager simply allocating parts to the lowest cost supplier based on the calculations
of Chapter 4 stems from the industry constraints and ASM business requirements discussed in
Chapters 2 and 3, respectively. If the commodity manager were to simply allocate individual
parts of a given part family to the lowest cost supplier, a violation of industry requirements and
corporate policies and strategic principles would undoubtedly result.
A review of the related literature reveals some research on the application of decision support
programming to the sourcing demand allocation process. The most notable application of
decision support programming comes from Degraeve and Roodhooft and their use of linear
programming to determine the optimal procurement of ball bearings for Cockerill Sambre S.A., a
Belgian multinational steel company. In the development of their programming model for
Cockerill Sambre S.A., Degraeve and Roodhooft identified three hierarchical levels of cost
drivers: (1) the supply level, (2) the ordering level and (3) the unit level.86 The supply level
refers to the costs incurred in the event a particular supplier is used, and consists of costs such as
quality audits, the salary of a purchasing manager and additional research and development. 87
The ordering level includes costs incurred each time an order is placed with a given supplier.88
Lastly, the unit level consists of costs incurred for the procurement of an individual part, such as
the purchase price and inventory holding cost.89 The decision model developed by Degraeve and
86 Degraeve, Z. & Roodhooft, F.: Determining sourcing strategies: a decision model based on activity and cost
driver information
87 Degraeve, Z. & Roodhooft, F.: Determining sourcing strategies: a decision model based on activity and cost
driver information
88 Degraeve, Z. & Roodhooft, F.: Determining sourcing strategies: a decision model based on activity and cost
driver information
89 Degraeve, Z. & Roodhooft, F.: Determining sourcing strategies: a decision model based on activity and cost
driver information
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Roodhooft identified a savings opportunity of 11.5% compared to the existing procurement
strategy employed by Cockerill Sambre S.A.
Other examples of the use of decision support tools for demand allocation to the supply base
include Sadrian, A.A. & Yoon, Y.S. (1994), Yang, H., Yu, Z. & Cheng, T.C.E. (2003), Zeng,
A.Z. (2001), Weber, C.A. & Ellram, L.M. (1993), Braglia, M. & Petroni, A. (2000), and Liao, Z.
& Kuhn, A. (2004). Sadrian and Yoon focused on quantity discounts in the telecommunications
industry. 90 Sadrian and Yoon applied mathematical programming to the procurement of a high
volume, low complexity transmission plug-ins for the regional Bell telephone companies where
they were able to achieve a 15% savings. Yang, Yu and Cheng utilized decision support tools in
the context of sourcing with special attention paid to the implications of the bills of materials. 91
Yang, Yu and Cheng examined the implications of the relationships among parts, suppliers and
distribution centers using logical constraints. As such, they were able to capture the role of the
bill of materials in the selection of suppliers in the strategic design of the supply chain. Zeng
looked at expanding the framework of mathematically programming to include a determination
of the optimal number of suppliers along with the optimal order quantity.92 The model
formulation is however limited to the assumption of deterministic demand and lead-time. The
results of the analysis revealed the sensitivity of the solution to the cost of transportation.
Braglia and Petroni expanded the analysis to include both qualitative and quantitative factors in
the analysis of the optimal procurement policy.93 Braglia and Petroni applied the tools to the
supplier selection processes of a medium-sized manufacturer of bottling machinery and related
packaging lines. The methodology presented enables consideration of both tangible and
intangible factors and allows sourcing managers to compare suppliers based on their overall
performance. Weber and Ellram used weighted multi-objective criteria to determine the optimal
supplier portfolio in an effort to determine a set of possible solutions from which to choose.94
Weber and Ellram introduced sensitivity analysis, allowing sourcing managers to understand the
tradeoff implications of different decision criteria. Liao and Kuhn used decision support tools to
determine when and how much to procure in a given replenishment period.95 Liao and Kuhn
examined the relationship between supplier selection and procurement lot sizing using a
mathematically programming model that simultaneously minimizing the objectives of cost,
quality and delivery.
Although the literature review reveals various applications of mathematically programming tools
in the support of the sourcing decision process, the contribution of the research presented in this
thesis is a valuable addition to the literature because it is an application of linear programming
90 Sadrian, A.A. & Yoon, Y.S.: A Procurement Decision Support System in Business Volume Discount
Environments
9' Yang, H., Yu, Z. & Cheng, T.C.E.: A strategic model for supply chain design with logical constraints:
formulation and solution
92 Zeng, A.Z.: Single or Multiple Sourcing: An Integrated Optimization Framework for Sustaining Time-Based
Competitive Advantage
93 Braglia, M & Petroni, A: A quality assurance-oriented methodology for handling trade-offs in supplier selection
94 Weber, C.A. & Ellram, L.M.: Supplier selection using multi-objective programming: A decision support system
approach
9s Liao, Z & Kuhn, A.: Operational Integration of Supplier Selection and Procurement Lot Sizing in the Supply
Chain
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decision support tools to the strategic sourcing function of the aerospace industry - an
application that does not exist in the related literature.
The Degraeve and Roodhooft decision model provided valuable insight for the ball bearing
product of Cockerill Sambre S.A., but its structure limits more generalized applicability. Given
the hierarchical cost structure format, the level of informational detail required to develop the
model makes it administratively burdensome. It is unreasonable to assume that an ASM
commodity manager would be able to provide all of the necessary information for a complete
family of parts. The effort required to populate all of the cost level inputs are quite significant,
and do not accommodate the information asymmetry that exists across the UTC business units
and the supply base. Moreover, the model is not structured to accommodate the aerospace
industry operational requirements surrounding military parts, and the time and cost
considerations for qualification of new suppliers.
Although the specifics of the model are not capable of being transferred to the aerospace industry
directly, nor does it accommodate the ASM operational requirements, it is appropriate to
leverage the linear programming model approach for the ASM team. The Degraeve and
Roodhooft framework requires generalization and simplification in order to be applied
appropriately for all commodities managed by the ASM team. This will allow for a timely
analysis despite the data asymmetry that exists. The total cost model developed in Chapter 4 is a
significant first step. From the Chapter 4 total cost model, it is possible to develop a
programming model that accommodates the operational limitations of the ASM team and
provides the commodity manager with the optimal supply base demand allocation profile.
5.2 Model objective
The demand allocation model is designed to provide the ASM commodity managers with a better
understanding of the risk and financial implications of supply base allocation decisions. The
model is designed to account for all operational and business requirements while at the same
time minimizing the total five year part family procurement cost. The commodity manager will
be able to quantify the cost or benefit of further restrictions or relaxations of business
requirements.
5.3 Model approach - mixed-integer linear program
The model is developed within the framework of a linear programming; however, a true linear
program does not conform to the constraints of the ASM operating parameters. Ultimately, the
model was formulated as a mixed-integer linear program (MILP) to allow for the integer
requirements of the demand allocation that will be discussed in the following sections. MILPs
and more generally linear programs are powerful tools that allow the user to quickly solve large
optimization problems. Linear programs function by finding a feasible solution that satisfies all
of the business requirements and operating constraints and then repeating the process until no
additional improvement is possible.96 The model then provides an output that is the optimal
solution. Linear programs also allow the user to examine the sensitivity of the solution to
various inputs and operating requirements.
96 Wilson, P.: Managing a Global Supply Chain with Durable Arm's-Length Supplier Relationships
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The MILP was also developed within Microsoft Excel due to the user-friendly interface and
utilization across UTC. The model was developed to allow the use of the standard Excel
programming package, known as Solver. In the event a larger number of variables were required
to be solved simultaneously, a more advanced Solver software package would be required.
5.4 Model development
Development of the MILP model requires the definition of the decision variables, the objective
function and the constraints.
5.4.1 Decision variables
The first step in the development of any programming model is to define the decision variables.
The decision variables define completely the decisions to be made. In this case, the decision
variables of the programming model define the allocation of each part number to a particular
supplier.
i = An index of suppliers, supplier 1, supplier 2, ... , M, where M represents the total
number of potential suppliers
j = A part index, part 1, part 2, ... , N, where N represents the total number of parts
X = The allocation of part j to supplier i
The reader will note the lack of reference to a time horizon within the definition of the decision
variables. The time horizon was captured as a function of the total cost NPV within the model
developed in Chapter 4.
5.4.2 Objective function
The objective function, or the goal, of the model is to minimize the total cost of part family
demand fulfillment, where total cost is a function of the NPV of the discounted cash flows from
the recurring and non-recurring costs calculated using the cost model presented in Chapter 4.
Minimize: {Total cost of part family demand fulfillment}
So, by letting
CU = NPV of the five year recurring and non-recurring cash flows for procurement of
part i from supplierj
The objective function can be written as
Minimize: >3X C for all i, j
i=1 j=1
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5.4.3 Constraints
The constraints are linear equations or inequalities that bound the decision variables to the
feasible solution space. There are seven constraints for the demand allocation model. These
constraints consist of the following:
Binary constraint: This constraint requires the decision variables to be binary - either 0 or 1.
The constraint is a function of an operational requirement of the ASM team and UTC, where
typically it is not permitted to split orders for a single part number between multiple suppliers.
Alternatively, this constraint could be referred to as the "I Part -> 1 Supplier" constraint,
requiring 100% of a given part number's demand be allocated to only one supplier. The binary
constraint is expressed as
(1, if supplier i is selected to provide part jfor all i,]X 0, otherwise frali
Demand fulfillment constraint: Simply stated, the demand fulfillment constraint requires that
the demand for each part number must be fulfilled. The demand fulfillment constraint can be
expressed as
M
XU = I for all j
i=1I
In the event the binary constraint did not exist, it is possible that the demand fulfillment
constraint could be satisfied if for example, the demand was split evenly between two suppliers.
Military constraint: This constraint ensures that military parts are allocated to domestic
suppliers and not internationally-based suppliers.
M
X = 1 for all parts j designated for military application
iedomestic
Maximum allocation: This constraint limits the total demand allocation to a single supplier.
NZXi < N*Ai for all i, where,
j=1
N= Total number of parts j
A =Maximum percent of parts j that can be allocated to any one supplier i
Incumbency constraint: This constraint requires that a certain percentage of part numbers
continue to be allocated to the incumbent or current supplier.
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I ZX, <N*I where,
j iEnew
N = Total number of parts (sum ofj)
I = Maximum percent of parts j that are permitted to be resourced to new
suppliers i
This constraint limits the number of supplier qualifications, or alternatively the number of parts
permitted to be resourced for a given part family.
Offset requirement: Ensures some allocation of demand to suppliers located in countries in
which UTC has local content offset requirements.
Z 1 X,, > N * O where,
j insupplier
in offset
country
N = Total number of parts
0 = Minimum percent of parts j that are required to be sourced from suppliers
located in countries with offset obligations
Non-negatively constraint: This is a basic constraint that simply assures the solution does not
permit negative demand allocations.
5.4.4 Mathematical representation
Having defined the decision variables, objective function and constraints, the complete
mathematical representation is shown below.
Using the following notation
i = An index of suppliers, supplier 1, supplier 2, ... , M, where M represents the total
number of potential suppliers
j = A part index, part 1, part 2, ... , N, where N represents the total number of parts
X.. = The allocation of part i to supplier j
The objective function can be written as
M N
Minimize: ZJ3XCV for all i, j, where
i=1 j=1
C, = NPV of the five year recurring and non-recurring cash flows for
procurement of part i from supplier j
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f1, if supplier i is selected to provide part j
0, otherwise
for all j
M
Xi= 1
i=1
iEdomestic
N
>X < N* A,j=1
for all parts j designated for military application
for all i, where,
N Total number of parts j
A, = Maximum percent of parts jthat can be allocated to any one supplier i
X <N*I
j iEnew
where,
N = Total number of parts (sum ofj)
I = Maximum percent of parts j that are permitted to be resourced to new
suppliers i
X > N * 0 where,
j iesupplier
in offset
country
N = Total number of parts
0 = Minimum percent of parts j that are required to be sourced from suppliers
located in countries with offset obligations
X > 0
5.5 Model inputs
The optimization model was mathematically defined in Section 5.4; however, certain inputs are
required of the commodity manager to optimize the demand allocation. These inputs can be
classified as supplier information, cost information and business requirements:
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Subject to
M
X1 = I
i=1
for all i,]
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5.5.1 Supplier information
Suppliers: The commodity manager is required to provide the names of the potential suppliers.
Each supplier is to be numbered, 1, 2, 3, ..., M.
Supplier location (Y/N): For each potential supplier, the commodity manager must indicate if
the supplier is a U.S. supplier (Y) or a non-U.S. supplier (N).
Offset country (Y/N): The commodity manager should indicate if the supplier is located in a
country in which UTC has an offset obligation (Y) or not (N).
5.5.2 Part information
NPV per part ($): The five year discounted cash flow NPV value must be provided for each
part for each part/supplier combination based on the values calculated using the Chapter 4 total
cost model.
Military part (Y/N): The commodity manager must indicate if each part is for military
application (Y) or non-military / commercial use (N).
Current supplier (Supplier No.): Using the supplier numbering developed as part of the
supplier information above, the commodity manager must indicate the current or incumbent
supplier for each part number.
5.5.3 Business requirements
Minimum percent offset fulfillment (%): Working with the lead ASM commodity manager
and the Regional Management team, the commodity manager must define the priority given to
suppliers located in countries with offset obligations. This priority is to be defined as a percent
of the total number of part family parts. For example, if the part family consisted of 100 part
numbers and the minimum percent offset fulfillment were 10%, the demand fulfillment portfolio
would require that at least 10 part numbers were allocated to suppliers located in countries with
UTC offset obligation.
Maximum percent transition / qualification (%): The ASM commodity manager should work
with the business unit commodity managers to determine the resources available to qualify
suppliers to provide parts which they are currently not qualified to provide. This value is to be
defined as a percent of the total number of part family parts. For example, if the part family
consisted of 100 part numbers and the maximum percent transition / qualification were 20%, the
demand fulfillment portfolio would limit the number of parts transitioned from the incumbent
supplier to another supplier to 20 part numbers.
Maximum percent allocation to one supplier (%): The ASM commodity manager should
work with the business unit commodity managers and the lead ASM commodity manager to
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determine the risk of allocating too much demand to one supplier. This limitation is a function
of the risk associated with relying on one supplier to provide a significant portion of the demand
for a given part family. Given the increase in aerospace demand discussed in Chapter 2, there is
concern regarding allocation of too much demand to one supplier in the event they are at or over
capacity. As was the case with the other business requirement inputs, this input is to be defined
as a percent of the total number of part family parts. For example, if the part family consisted of
100 part numbers and the maximum percent allocation to one supplier were 60%, the demand
fulfillment portfolio would limit the number of parts allocated to one supplier to 60 part
numbers.
5.5.4 Programming model inputs
This section presents programming model inputs that characterize the analysis facing a
commodity manager looking to use low-cost international suppliers. The values presented in the
baseline analysis are intended to be representative of conditions in which a domestic supplier
currently provides a complete part family of 20 parts and the commodity manager is evaluating
procurement opportunities with both a Mexican and an Asian supplier. For the reader's
reference, Appendix B provides an example of the Excel worksheet used for the programming
model user inputs.
5.5.4.1 Programming model inputs - Supplier information
Table 5.1 contains representative supplier information. The reader will note that it is not
possible to have offset with the U.S. supplier, hence the indication of N/A for 'Not Applicable'
in the 'Incumbent Domestic Supplier' row.
Otfset in
Supplier name Supplier No. U.S. supplier? supplier
count
Incumbent Domestic Supplier 1 Y N/A
Mexican Supplier 2 N Y
Asian Supplier 3 N N
Table 5.1: Programming model inputs - Supplier information
5.5.4.2 Programming model inputs - Part information
Table 5.2 contains representative part information. The supplier NPV cost inputs should be
developed using the model developed in Chapter 4 and are in thousands of dollars.
The NPV cost inputs are characterized to be in line with savings anticipated from suppliers
located in Mexico and Asia. The values were developed using random number generation that
returned savings from the incumbent U.S. supplier of between 0% and 4% for the Mexican
supplier and between 0%and 5% for the Asian supplier. These savings ranges are based on the
calculations of Chapter 4, which indicated a much smaller total savings for low-cost international
suppliers than would be anticipated based on the unit purchase price cost reduction.
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Once again, the programming model builds on the analysis of Chapter 4 where it is assumed the
U.S. supplier is the incumbent or current provider, as indicated by the "1" corresponding to the
'Incumbent Domestic Supplier' number from Table 5.1. The designation of military part
application was done randomly for this analysis.
$301.21
$122.03
$997.44
$370.84
$916.46
$929.55
$337.75
$938.38
$995.53
$516.48
$163.22
$970.29
$765.24
$237.25
$641.40
$677.82
$169.68
$298.25
$ 12 1.3 1
$997.03
$367.50
$912.97
$908.07
$334.67
$930.42
$992.60
$516.21
$162.1
$963.94
$740.09
$233.39
$621.85
$669.28
$167.55
$299.61_
$122.01
$991.44
$358.41
$885.22
$913.42
$334.66
$931.60
$966.05
$514.23
$162.31
$949.98
$30.34
$755.55
$231.41
$623.43
$847.57
$672.80
$892.88
$167.28
Table 5.2: Programming model inputs - Part information
5.5.4.3 Programming model inputs - Business requirements
Table 5.3 contains representative business requirements. Again these are values that need to be
discussed with the business unit commodity managers and the lead ASM commodity manager, as
they significantly impact the optimal supplier portfolio.
Business requirement Input value
Minimum percent offset fulfillment 10%
Maximum percent transition /qualification 70%
Maximum percent allocation to one supplier 75%
Table 5.3: Programming model inputs - business requirements
The example presented only contains 20 parts, but the programming model can easily be
expanded to as many as 200 parts using the standard Solver programming package within
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N
N
Y
N
N
N
I
1
1 __
1
1 __
1 ___
1
1
1
1
1
1 ___
1
1
................................. .........
Microsoft Excel. In the event more than 200 part numbers are required to be evaluated at a given
time, a more advanced programming application such as Premium Solver, would be required.
5.6 Model output
Based on the inputs, the programming model returns two outputs to the user: (1) the decision
variables and (2) the objective function value.
5.6.1 Decision variables
The decision variables are returned as zeroes (0) or ones (1) and are provided in Table 5.4.
Part _ numer Supplier I Supplier 2 pplier 3,
1 1 0 0
2 1 0 0
3 0 0 1
5 0 0 - 1
6 .1 0 0
7 0 0 0
_ 9 0 01
10 0 0 1
11 __ _ _ 0 1 0 _
I2 1 0 0
13 0 1 0
14 0 1 0
15 0 0 1
16 10
17 _ 0 10
18010
19 0 1 0
20 0 0 1
Table 5.4: Decision variable outputs
To summarize, optimally Supplier 1 will provide 6 part numbers, and Suppliers 2 and 3 will both
provide 7 of the 20 part numbers.
5.6.2 Objective function
The objective function is calculated based on the decision variables of Table 5.4, and is provided
in Table 5.5.
MIT Thesis - Jason R. Kary Page 63 of 80
I Total cost ($K): 1 $11,681.1 I
Table 5.5: Objective function output
5.7 Summary of optimization results
The programming model returned the solutions provided by the decision variables and objective
function in Tables 5.4 and 5.5. The commodity manager should be interested in understanding
how the constraints impacted the optimal solution. The business requirement constraints of
minimum offset fulfillment, maximum part qualification and maximum allocation to one supplier
are compared with the values provided by the optimal solution in Table 5.6.
Busiiiessreg'uiremeu Ifisfan Sau WNVae
Minimum percent offset fulfillment 2 parts 7 parts
Maximum percent transition / gualification 14 parts 14 parts
Maximum percent allocation to one supplier 15 parts 6/ 7/7 parts
Table 5.6: MILP solution versus business requirement constraints
The value of the programming model does not only come from its ability to determine the
optimal supplier portfolio, but also from its ability to provide the commodity manager with
insight into the cost of further constraining the business requirements or alternatively the benefit
of relaxing the business requirements.
For example, if the commodity manager were to further restrict the maximum percent transition /
qualification constraint to 65%, it would result in a transition of Part Number 13 from Supplier 2
to Supplier 1, and an increase in the objective function to $11,681.7. Table 5.7 displays the
impact to the objective function of further constraining the maximum percent transition /
qualification business requirement over a range of values.
Maximum percent Output
Transition / qualification -
70% $11,681.1
65% $11,681.7
60% $11,682.7
- 55% $11,685.0
50% $11,687.4
Table 5.7: Objective function impact with increase in maximum percent transition / qualification
constraint
At the same time if it were possible to relax the maximum percent transition / qualification
constraint to 75%, there would be no impact on the decision variables or the value of the
objective function.
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Although a further restriction of the maximum percent transition / qualification constraint
resulted in an impact to the decision variables and the objective function, a minor restriction of
the other business requirements inputs would not result in variation of the baseline output values.
The reader will note the values of the minimum percent offset fulfillment and maximum percent
allocation to one supplier in Table 5.6 are not limiting constraints, and hence do not impact the
solution over a small range of restriction or relaxation.
Although the example provided was intended to represent a situation in which a single domestic
supplier was responsible for providing the complete family of parts, the programming model
applies equally well in cases where the part family is supplied by several suppliers, some located
in the U.S. and others international.
5.8 Limitations of optimization model
It is important to note that the output of the programming model is very much a function of the
data inputs and the characterization of the constraints. It may well be the case that the reader
identified factors that were not incorporated into the programming model. This is to be
expected. Although we are ignoring many of the details in this analysis, it is more important to
be robust than to be precise. As Wilson states: "No matter how accurate the data and how
sophisticated the model, the scenario generated by the LP will never be followed exactly." 97
After all, demand is being aggregated for dozens of parts, total cost analysis is being compiled
from multiple suppliers, and the analysis is taking place over a five year time horizon.
Ultimately, the programming model is intended to support the process of developing
procurement contracts, not replace the expertise, insight and experience of the commodity
manager.
Beyond the qualification of the accuracy of the programming model, it is worth noting the
limitations of structuring the model in a MILP format. This was done to accommodate the UTC
ASM team operating requirement that limits the ability to split demand between suppliers;
however, in doing so, the commodity manager is not able to quantify the potential savings
splitting demand might present to the business. Moreover, given that the model was formulated
as a MILP, the commodity manager is unable to utilize the sensitivity analysis functionality of
the Solver software application.
If ultimately it was operationally feasible to split the demand between suppliers, it would be
appropriate to incorporate the total cost analysis into a linear program to optimize the entire
system simultaneously, rather than separating the analysis as was done. However, at the same
time, the total cost model is a valuable stand alone analysis tool for any sourcing organization.
9 7 Wilson, P.: Managing a Global Supply Chain with Durable Arm's-Length Supplier Relationships
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6 Conclusion
This chapter is intended to summarize the results of the thesis research and analysis. The chapter
offers perspective on the value of both the total cost sensitivity model and the demand allocation
programming model to the UTC ASM team, as well as to the sourcing function more generally.
The chapter concludes with an identification of future research opportunities.
6.1 Summary of results
The research conducted provides the UTC ASM team with some valuable models that support
the commodity management function. The results of the findings of both models are
summarized in the following sections.
6.1.1 Total cost sensitivity model findings
In summary, the key findings associated with the total cost sensitivity model are:
* Significant low-cost supplier discount required - Given the relatively large purchase
price discount offered by low cost international suppliers, it would seem as though the
decision to move offshore would be an easy one. However, when all of the cost factors
are appropriately incorporated into the analysis, the total savings is not as large as would
be anticipated. In the case of the representative analysis of a Mexican supplier with a
25% discounted unit purchase price, the total savings is less than 1%.
* Impact of non-recurring cost - The model revealed that the non-recurring cost is a
significant driver of the NPV differential. At the same time this is a cost driver that is
often underestimated by sourcing professionals who do not account for many of the
elements of non-recurring cost, including the cost of travel and living to get several
engineers in India for a month to qualify a new supplier.
* Consistent use of the U.S. dollar - Based on the sensitivity of NPV differential to
currency fluctuation, whenever possible the ASM team should utilize U.S. dollars in the
procurement contracts with international suppliers.
* Highly sensitive total cost results- The sensitivity analysis revealed that although the
low-cost international suppliers had lower investment NPVs, only minor changes in
supply chain dynamics or supplier performance offset the discounted unit purchase price.
6.1.2 Demand allocation programming model findings
In summary, the key findings associated with the demand allocation programming model are:
* Cost of business requirements - The demand allocation programming model enables
the commodity manager to quantify the cost of the ASM team business requirements:
minimum offset requirement, maximum part transitions and maximum demand allocation
to one supplier.
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* Limiting constraints - Using the demand allocation programming model, the
commodity manager is able to determine which of the operating constraints are limiting
the solution.
6.2 Benefits of the models
Although the thesis research was focused on the aerospace industry and more specifically on the
strategic sourcing function of a major U.S. aerospace OEM, the tools developed can be adapted
to the sourcing function of any industry. Likewise the benefits of the models, including reduced
cost and improved information, can be achieved by the sourcing function of any industry.
The models presented provide the sourcing function with a decision support framework that
provides valuable insight into the true cost of procurement, as well as the optimal supplier
portfolio. The total cost model can be used to not only examine the sensitivity along the
dimensions of tax rate variability, currency fluctuation and supplier performance, but also
variation in other criteria including annual demand, lead-time, transportation cost, along with the
balance of the input variables.
Taken together the models provide a framework that incorporates well into the "8-Step Sourcing
Process" and should prove valuable in sourcing negotiations. In Steps 5 and 6 ("Evaluate
supplier proposals" and "Select competitive supplier") of the "8-Step Sourcing Process," the
total cost and programming models can be used to determine the optimal supplier portfolio to
fulfill demand. Having defined the optimal supplier portfolio prior to negotiations with
suppliers, the commodity manager will be able to focus negotiations in Step 7 ("Negotiations and
contract approval") on those parts within the part family that will have the greatest impact to the
bottom-line of the business. As a result, the ASM team will be able to tailor negotiations and the
resultant procurement contracts to ensure the business requirements and operating constraints are
met, while at the same time minimizing the cash outlays required to fulfill demand.
Although the framework presented provides valuable insight, the commodity manager must keep
in mind the models presented are intended to be only of pure cost consideration. In addition to
cost considerations, sourcing managers also need to incorporate strategic considerations into the
analysis process. The relevant strategic considerations are numerous and include, but are not
limited to the following: intellectual property, incumbent supplier power, buyer power, current
level of business with supplier and the current buyer-supplier relationships.
6.3 Opportunities for future research
This research was focused on strategic sourcing in the aerospace industry where operational
requirements limit the ability to split demand for a single part number between multiple
suppliers. An interesting course of study would be to analyze the potential savings that could be
achieved by splitting demand between multiple suppliers. Specifically, an examination of the
potential savings from splitting demand fulfillment between new units and aftermarket product
demand may prove a valuable course of study. Splitting demand in this manner would
effectively create two supply chains - one for the more stable new unit demand and the other for
the more volatile aftermarket segment.
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9 Appendix A - Total cost sensitivity model
Total Cost Model Inputs
SUPPLIER INDEPENDENT VARIABLES
Discount Rate
OrderingCost ($/PD placed)
Inventory holding cost ($/$/yr)
Demand (units /year)
Non-recurring cost multiplier
Low Cost Supplier Discount (%)
Coefficient of Variation of Demand
SUPPLIER DEPENDENT VARIABLES
Purchase price ($/unit)
Year-over-year price reduction
Leadtime (days)
Coefficient of variation of leadtime
Percent cost of regular transportation
Percent premium transportation
Premium Transportation Multiple
Customer Service Level (CSL)
Percent on-going coordination cost
Low-cost country tax, tariff and duty rate
,Cost in percent of unit price for poor deliv
12%
$150
25%
YearlI Year 2 Year 3 Year 4 YearS5
10  120 150 130 1 130
25%
0.10
Domrestic, Iuf ri'l I$ 00%0 $7.50%
1 2.50%1 2.5 %
70 77
........ 4-
0.10 0.0
1% 2.0%
1 10%1 12.5 %
S51 51
95% 95%
100% 150%
1000%
ery /quaity 150% 250%
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Cash Flow Worksheet - U.S. Supplier versus Mexican Supplier
DOMESTIC SUPPLIER ANALYSIS
B,
RECURRING COST
Purchase Price ($/unt)
Optimal order quantity
Purchase price $
Ordering Cost
Ordering cost
Inventory holding cost
Cy.cle stock holding cost
Safety stock holding cost
Non-performance cost
Cost or poor delivery & quality
Transportation Cost
Regular Transportation
Premium Transportation
On-Going Coordination Cost
Supplier development & commodity mgmnt.
NON-RECURRING COST
Year 1 Investment & Qualification
TOTAL COST
COST PER UNIT
Net Present Value (NPV)
LOW-COST SUPPLIER ANALYSIS
Bz
RECURRING COST
Purchase Price ($'ni)
Optimal order quantity
Purchase price
Ordering Cost
Ordering cost
Inventorn holding cost
Cycle stock holding cost
Safety stock holding cost
Non-performance cost
Cost or poor delivery & quality
Transportation Cost
Regular Transportation
Premium Transportation
On-Going Coordination Cost
Supplier development commodity rngmnt.
Tax Cost
Taxes, duties, tariffs and fees
NON-RECURRING COST
Year 1 Investment & Qualification
TOTAL COST
COST PER UNIT
NET PRESENT VA NP $
NET DIFFERENTIAL:
Domestic - Low Cost 1
Domestic Cheaper
$XXX XX: Low-cost Cheaper
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$
$1
$
$
45
ase
$75
$1
$1
$1
$1
YEAR
eline 1
1,000.00 $1,000 00'
10.95 10 95
0,000.00 $100,000.00,
,369.31 $1,369.31
1,369.31 $1,369.31;
1,960.13 , $1,960.13
1,383 91 $1,303 91
$1,000.00
$0,25:
$1,00000
$0.00
$107,083
$1,071
8,301.58
line
YEAR
$750.00. $750.00,
12.65 12.65:
,000.00 $75,000.00
18585 $1,185.851
185.85 $1 185.5
554.21 $1 554.21;
583.83 $1,583.83;
$1,500.00;
$937.50]
1 1 25 00
10,00% $7,500.00
$75,000 00
$166.572.
$1.666
457,589.751
$711.82
YEAR YEAR
2 3
$97500
12 15
$117,000.00:
$1,481.13
$1,481.13:
$2,293.35:
$1,751.40;
$1,179.90
.5. 5 0. .
$1,170.00:
$125,762:
$1,048'
YEAR
2
$731.25:
14.03;
$87,750.00:
$1,282.70
$1,282.70:
$1 818.42
$2,004.42.
$1.765.00:
$1 096.88;
$1,316.25.
$8,775.00
$107,081.
$892.
$950 00
13 76
$142,500 00,
$1,634.59
$1,634.59
$2,793.18
$2,354 121
$1,425 00:
$712.50
$1,425.00:
$153,054.
$1,020:
YEAR
3
$712.50:
15.89
$106,875.001
$1 415.59,
$1,415.59
$2 214.74;
$2,694.21
$2,137.50.
$1,335.94.
$1,603.13
$10,687.50,
$130,379.
$869.
YEAR
4
- 925.00
1299
$120,250 00
$1,501.56;
$1,501 56
$2,357.06;
$1,824. 88
$1,202.60
$601.25
$1,202.50
$129.,239
$994
YEAR
4
15.00:$90,187 50
$1,300.39;
$1,300.39;
$1868.93;
$2,088.51
$1,803 75,
$1,127.34:
$1,352.81.
$9,018.75
$110,048
$847
YEAR -
5
$900.00
13 17
$117,000 00
$1,481.13
$1,481.13
$2,293.35
$1,751.40
$1,170.00
$585.00
$11,170 00
$125,762
$967
YEAR
5
1520
587,750.00
$1 282.70
$1,282.70
$1,818 42,
$2,004.42:
$1,755.00
$1,096.88
$1,316.25
$8,775. 00
$107,081
$824
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Cash Flow Worksheet - U.S. Supplier versus Asian Supplier
DOMESTIC SUPPLIER ANALYSIS
Baseline
RECURRING COST
Purchase Price ($/unit) $1,000.00:
Optimal order quantity 1095
Purchase price $100,000. 00
Ordenng Cost
Ordering cost $1,369.31
lnventoy holding cost
Cycle stock holding cost $1,369.31
Safety stock holding cost $1,960.13.
Non-performance cost
Cost or poor delivery & quality $133.91
Transportation Cost
Regular Transportation
Premium Transportation
On-Gium Poorapon Cost
Supplier development & commodity mgmnt.
NON-RECURRING COST
Year 1 Investment & Qualification
TOTAL COST
COST PER UNIT
Net Present Value NPV)
L OW-C0ST SUPPL IER ANALYSIS
$458,301.58
Baseline
RECURRING COST
Purchase Price (unit} $65000 
Optimal order quantity 13.59
Purchase price $65,000 00
.Ordedng Cost
Ordering cost $1103.7
Inventory holding cost
Cycle stock holding cost $1,103.97
Safety stock holding cost $1 555 28
Non-performance cost
Cost or poor delivery & quality $1,770 568
Transportahon Cost
Regular Transportation
Premium Transportation
On-Going Coordination Cost
Supplier development & commodity mgmnt.
Tax Cost
Taxes, duties, tariffs and fees 25.00%,
NON-RECURRING COST
Year 1 Investment & Qualification
TOTAL COST
COST PER UNIT
NET PRESENT VALUE (NPV): $453,324.39
NET DIFFERENTIAL:
Domestic - Low Cost 1 $4,977.16
SiNS : 2Domestic Cheaper
$X,XXX.XX: Low-cost Cheaper
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YEAR
1
$1,000.00.
10.95
$100,000 00i
$1,369 31
$1,369.31.
$1,960.13:
$1,383.91,
$1,000 00
$0 25
$1,000 00
$0.00
$107,083,
$1.071
YEAR YEAR
2 3
$975.00 $950
12.15 13.
$117,000.00 $142,.5W
$1,481 13 $1,634.
$1,461.13 $1,634
$2,293.35 $2,793
$1,751.40 $2,354
$1,170.00 $1,425
$585.00. $712
$1,170.00 $1,425
$125,762;
$1,048.
YEAR YEAR
1 2
$650.00:
13.59
$6500000
$1,103 97
$1,103.7
$1,555 28
$1 .770 56
$2,500 00
$195000
$1 300.00:
$16,250.00:
$65, 0000
$157,634
$1,576
15.071
$1,194.13:
$1,194.13:
$1,619.67
$2 240.76
$3,042.00
$2,281.50:
$1,521.00:
$19,012.50
$108,356:
$903
00
76
100
59
59
16
.12
00
'50
001
$153,054
$1,020!
YE~AR
3
17.07
$92,625.00.
$1,317.85
$1,317.85
$2,216.27
$3,011 89
$370500$2,776.75
$1,8652.50
$23,156.25
$131.981
$75
YEAR
4
$925.00.
12 99
$120,250 00:
$1,501.56
$1,501.56
$2,357.06:
$1,824.88
$1,202.50
$601.25
$1,202.50:
$129,239,
$994'
Y.AR .
4
$501.25:
16.11.
$76,1650,
$1 210.60
$1,210.60
$1 670.22
$2,334.77
$3,126.50
$2,344.88
$1,563.25
$19,540.63
$111,3641
$857
YEAR
5
$900.00
13.17
$117,000.00
$1,481.13
$2,293.35
$1,751.40
$1,170.00
$565.00
$1,170.0&
$125.762
$967
YEAR
5
$585.00
16.33
$76,050.00
$1,194 13
$1,194.13
$1,819.67
$2,240.76
$3,042.00
$2,281.50
$1,521.00
$19,012.50
$108,356
$034
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NPV Differential Analysis - U.S. versus Asian Supplier
$60,UUU
$40,000
$20,000
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($40,000)
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International Tax Rate
Figure A. 1: Sensitivity of NPV differential to variation in tax rate - U.S. versus Asian supplier
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Figure A.2: Sensitivity of NPV differential to currency fluctuation - U.S. versus Asian supplier
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Figure A.3: Sensitivity of NPV differential to supplier delivery and quality performance - U.S. versus
Asian supplier
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10 Appendix B - Demand allocation model
Programming Model Excel Input Worksheet
POTEltIAL SUPPUER
U.S. Supplier? If Non-U.S. is thereSupplier No. Supplier Name jYN) oflset in county'
1 Domestic Supplier Y N/A
2 Mexican Supplier - N Y
3 Asian Supplier N N
Part Number Current Supplier Mlty
(No.)
1 1 Y
2 1 Y
3 1N
4 1 Y
5 1 N
6 1 Y
7 1 N
8 1 N
9 1 N
10 N
11 1 N
12 Y
13 1N
14 1 N
15 1 N
16 1 Y
17 1N
18 1 N
19 1 N
20 1N
Total Ouantity of Part Numbers: 20
SUPPLIER OUOT E
Total Cost of Demand Fulfillment ---
Pait Number Suppppli er 2 Supplier 3
1 $301.21 $298.25 $299.61
2 $122.03 $121 31 $122.01
3 $997.44 $997.03 $991.44
4 $370.84 $367.50 $358.41
6 $92955 $908 07 $913.42
7 $33775 $33467 $334.66
8 $938.38 $93042 $931.60
9 $99553 $992.60 $966.05
10 $516.48 $516.21 $514.23
11 $163.22 $162.16 $162.31
12 $970.29 $963.94 $949.98
13 $30.35 $29.81 $30.34
... ... 14 $765.24 $740.09 $755.55
15 $237.25 $233.39 $231.41
16 $641 40 $621 85 $623.43
17 $863 42 $847.32 $847.57
18 $677$82 669.28 $672.80
19 $909.84 $876.44 $892.88
20 $169.68 $167 55 $167 28
FLtLMET CHARATE TISTC
Maximum percent part qualification (X% of total part qty) 70%
Miminum percent of total parts allocated to countries with offset 20%
Maximum percent of parts allocated to one supplier 75%
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Programming Model Excel Worksheet
DECISION VARIABLES
SiP1 S1P2 S1P3 S1P4 SiP5 S1P6 S1P7 SiP8 SIP9 S1PI0 SiP11 SIP12 SlP13 S1P14 S1P15 SiP16 SiP17 SiP18 SiP19 S1P20
1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0
OBJECTIVE FUNCTIOD N
Total Cost per P $31.2 122O.$997 4 $3708 916 5 $929 5 $337 7
Demand Fulflmeont'
Part1 1
Part 2
Part 3
Part 4
Part 5
Part 6
Part 7
Part 8
Part 9
Pa 10
Part 11
Part 12
Part 13
Parl 14
Pail 15
Part 16
Part 17
Part.18
Part 19
Part 20
MItary Centra~n 7
Part 1
Part 2
Part 3
Part 4
Part 5
Part 6
Part 7
Part 8
Part 9
Part 10
Part 11
Part12
Part 13
Part 14
Part 15
Part 16
Part 17
Part 18
Part 19
Part 20
MaxImumgAl fla rt 9
Supplier 1
Supplier 2
Supplier 3
Mimum c
w uw."t y.~N1
$938 4 $995.5 516.5 163.2 $970.
0
0
0
0
0
0
0
$30.4 $7652 $237.2 $641.4 $863.4 $6778 $909.8 $16. $11,611 TAL COST ($Kq
... . - ....   . .
Solution . Constraint Violation
. 1.. ..... 1 NO
1 1 NO
1 1 NO
1 1 NO1 NO
1 1 NO
1 NO1 1 NO
.1... .... 1 NO
1 1 NO1 1 NO
1.......1 NO11 1 NO1 NO
1 1 1 NO1 NO
1 1 NO
1 1 NO
11 'NO
1. ... . .. . . ..
0
0
0
0
0
0
0
0
0
.0
0
S0
1.
b.0
00
0
0
0
0
0
0
0
0
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
0
0
0
0
1 1 1 1 1 1 1 1 1 6 15 NO
7 15 NO
7 NO
0 0 0 0 0 0 0 0 0 14.0 N0
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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NO
m
1
1
1 1 1 1
